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THE  EFFECT  OF  THIRD  ELEMENTS  DURING 
SPARK  SPECTROGRAPHIC  ANALYSIS  OF  SOLUTIONS 


A.  K.  Rusanov  and  L.  I.  Sosnovskaya 

State  Scientific  Research  and  Design  Institute  of  the  Rare 
Metal  Industry,  Moscow 


The  advantages  of  spark  spectrograph ic  analysis  of  solutions  are  well  known.  In  many  cases  in  the  analy¬ 
sis  of  solid  materials  it  is  expedient  to  get  them  into  solution  beforehand  [1-11].  During  spark  excitation  of  the 
spectrum,  a  change  in  the  composition  of  the  solutions  is  often  accompanied  by  a  change  both  in  the  absolute 
and  in  the  relative  intensities  of  the  lines  of  the  elements  (the  effect  of  "third  elements",  anions,  etc.)  which 
leads  to  the  appearance  of  systematic  experimental  errors  [1,  5-8,  15,  17,  20,  26,  27,  32].  However,  most  pub¬ 
lished  material  on  the  spark  analysis  of  solutions  is  devoted, in  the  main,  to  a  choice  of  conditions  for  carrying 
out  the  determination.  Information  on  the  mechanism  of  the  passage  of  the  solutions  into  the  discharge  zone, 
about  the  effect  of  changes  in  the  composition  of  the  solutions  on  the  excitation  conditions  of  the  spectra,  and 
about  the  mutual  effect  of  elements  on  line  intensity  is  very  limited. 

It  should  be  mentioned  in  this  connection  that  usually  a  spark  discharge  between  the  surface  of  the  solu¬ 
tion  and  a  solid  electrode  is  used  [1-4,  8,  11-17,  19-23,  28];  in  many  cases  the  solutions  are  evaporated  on  the 
electrode  surface,  and  the  film  of  salts  covering  the  electrode  is  subjected  to  the  action  of  the  spark  [9,  10,  24, 
25,27,  29,  30]. 

In  the  latter  instance  the  conditions  under  which  the  elements  diffuse  into  the  surface  layer  of  the  mater¬ 
ial  [2],  and  the  changes  in  its  composition  under  the  influence  of  the  spark  discharge  [18]  affect  the  line  inten¬ 
sity. 

The  present  article  describes  an  attempt  to  establish  the  relationship  of  line  intensity  to  the  properties  of 
solutions,  and  of  line  intensity  to  the  mutual  effect  of  the  elements.  The  relationships  were  examined  under 
two  sets  of  conditions,  the  first  set  of  conditions  excluding  as  much  as  possible  the  effects  of  processes  occurring 
on  the  electrodes  (formation  of  a  discharge  directly  between  the  two  surfaces  of  the  solutions),  the  second  set  of 
conditions  allowing  us  to  expect  that  these  processes  occurring  on  the  electrodes  would  show  up  quite  clearly. 

1.  Apparatus,  Spectrum  Excitation  Source,  and  Methods  of  Introducing  the  Solu- 
tions  into  the  Spark  Discharge  Zone. 

The  spectrum  excitation  source  was  an  IG-2  spark  generator  which  is  included  in  a  Raiskii  setup  [31];  in 
the  latter  the  breakdown  voltage  in  the  operating  spark  gap  depends  only  to  a  very  small  extent  on  the  distance 
between  the  electrodes  and  the  state  of  the  electrode  surface,  and  is  applied  by  means  of  an  additional  spark  dis¬ 
charger. 

The  solution  was  introduced  into  the  spark  gap  both  by  means  of  rotating  disc  electrodes  [13,  14],  and  by 
means  of  a  capillary  electrode  [16].  Two  discs  made  from  graphite  or  red  copper,  39  mm  in  diameter  and  5 
mm  thick,  were  fitted  up  as  shown  in  Fig.  1  at  a  distance  of  3.5  mm  from  each  other.  By  choosing  the  rate  at 
which  the  discs  rotate,  conditions  are  established  for  forming  a  discharge  immediately  between  the  surfaces  of 
the  solution  covering  the  discs.  The  rate  at  which  the  discs  were  rotated,  (within  the  limits  of  3  to  100  rpm^was 
regulated  by  means  of  a  reducer  connected  to  the  motor. 
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When  the  solution  was  introduced  by  means  of  a  capillary  graphite  electrode,  the  graphite  fulgurator 
shown  in  Fig.  2  was  used.  The  electrode,  which  was  made  from  spectrographically  pure  carbon,  was  in  the  form 
of  a  cylinder  8  mm  long  and  5.5  mm  in  diameter,  and  had  a  hole  3.5  mm  in  diameter  bored  along  Its  axis.  It 
was  fitted  In  a  massive  graphite  beaker  2. 

By  means  of  a  plexiglas  mold  fitted  on  top  of  the  fulgurator 's  beaker,  the  cylindrical  electrode  was  always 
kept  In  a  position  so  that  Its  end  stuck  out  3  mm  above  the  edges  of  the  beaker. 

In  order  to  overcome  the  porosity  of  the  graphite  beaker  of  the  fulgurator,  the  latter,  after  It  had  been  pre> 
pared,  was  Immersed  In  a  solution  of  plexiglas  In  chloroform. 


The  test  solution,  3.5  ml  In  volume,  was  placed  In  cavity  3  of  the  fulgurator  beaker;  the  fulgurator  was 
placed  on  the  metallic  surface  of  the  lower  electrode;  the  upper  electrode  which  was  a  pointed  carbon  electrode 

4  was  fixed  In  a  retort  clamp  above  the  cylCndrIcal  electrode  at  a 
distance  of  3.5  mm. 


/ 


Fig.  1.  Introducing  the  solution  Into  a 
spark  discharge  on  rotating  electrodes. 
1)  Rotating  copper  or  graphite  discs;  2) 
solution;  3)  spark  discharge. 


The  solution  placed  in  the  fulgurator  rises  In  the  electrode 
canal  and  covers  the  electrode  surface  with  a  fine  film;  when  the 
surface  of  the  cylinder  is  subjected  to  the  spark  discharge,  the  thin 
film  of  liquid  covering  It  is  continuously  renewed  by  passage  of 
fresh  portions  of  solution  from  the  electrode  canal  [16] 

The  use  of  a  massive  graphite  fulgurator  prevented  the 
warmup  of  the  solution  during  the  period  of  the  spark  discharge. 

Conversion  from  line  blackening  on  the  photographic  plates 
to  line  Intensity  was  carried  out  by  the  usual  method,  using  the 
characteristic  curves  of  the  photographic  plate,  these  curves  being 
obtained  for  each  plate.  Corrections  for  background  Intensity  were 
then  applied  to  the  values  found  for  the  line  Intensity. 

The  apparatus  and  the  operating  conditions  used  lor  getting 
the  spectra  are  given  below: 


Spectrograph 
Linear  dispersion 
Spectral  region 
Photographic  plates 
Spectrum  excitation  source 


Disc  electrodes 
Rate  of  rotation 
Spark  gap 

Exposure  time  ( time  for  which 
spectra  were  photographed) 
Capillary  electrode 

Spark  gap 
Exposure  time 


Quartz,  ISP-22 
6.5-45  A/mm 
2350-4550  A 

Spectrographlc,  Type  II,  sensitivity  16  GOST  units 
IG-2  sparkformer.  Included  In  a  Ralskll  setup  (2  amp, 
220  v)  capacity  of  0.01  microfarad;  self- Inductance 
0.15  millihenries 

Graphite  or  copper;  39  mm  diameter,  5  mm  thick 
3-100  rpm 
3.5  mm 

30-180  sec 

Graphite;  8  mm  long;  5.5  mm  diameter;  diameter  of 
its  hole  3.5  mm 
3.5  mm 
40-180  sec 


2.  Introducing  the  Solution  into  the  Discharge  Zone  on  Rotating  Electrodes 

During  the  formation  of  a  spark  discharge  on  the  surface  of  a  liquid  contained  In  a  cup-shaped  metallic 
electrode  of  the  Gerlach  type  [28],  the  line  Intensity  of  the  elements  present  In  the  solution  Is  usually  low;  when 
this  type  of  electrode  Is  used, a  strong  sputtering  of  the  solution  is  observed  and  this  leads  to  difficulties  In  carry¬ 
ing  out  a  determination. 
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Satisfactory  conditions  for  evaporating  the  solution  in  a  spark  discharge  as  well  as  a  sharp  increase  in  the  line 
Intensity  of  the  spectra  are  observed  on  Introducing  a  thin  film  of  the  solution  into  the  discharge  zone  by  means 
of  rotating  electrodes  [4,  13-15],  or  by  means  of  cylindrical  electrodes  with  a  central  opening.  These  electrodes 

are  immersed  In  the  test  solution,  and  as  a  result  of  capillary  phenomena,  the 
opening  in  the  electrodes  Is  covered  with  a  layer  of  solution  [5-7,  11,  16,  and 
21J. 

Attempts  to  measure  the  film  tnickness  ot  a  solution  introduced  into  a 
spark  were  made  by  Effendiev  [8J;  the  method  which  he  adopted  for  measuring 
the  film  thickness  on  an  immersed  electrode  could  not,  however,  guarantee  that 
the  true  thickness  of  the  solution  was  being  measured. 

It  was  found  that  it  is  possible  to  make  a  sufficiently  accurate  determina¬ 
tion  of  the  film  thickness  and  to  establish  the  effect  of  this  film  thickness  on  line 
intensity  by  introducing  the  solution  on  the  rotating  discs  shown  in  Fig.  1. 

The  amount  of  solution  Introduced  into  the  discharge  zone  was  determined 
from  the  Increase  In  weight  of  a  wad  of  filter  paper  which  was  pressed  onto  the 
edge  of  the  disc  to  wipe  Its  surface  dry.  When  working  with  discs,  precautions 
were  taken  so  that  the  solution  did  not  rise  from  the  side  walls  onto  the  disc  sur¬ 
face  while  it  was  being  wiped  with  the  filter  paper  wad.  The  film  thickness  on 
the  disc  surface  was  calculated  by  means  of  the  formula:  d  =  g/2jrrla,  where  jL 
is  the  film  thickness;  x  is  the  radius  of  the  disc;  1  Is  the  thickness  of  the  disc;  is 
the  weight  of  solution  collected  during  one  revolution  of  the  disc;  and^ls  the 
specific  gravity  of  the  solution. 


Fig.  2.  Introducing  the 
solution  Into  a  spark  dis¬ 
charge  from  a  capillary 
electrode.  1)  Cylindrical 
graphite  electrode;  2)  gra¬ 
phite  fulgurator;  3)  solu¬ 
tion;  4)  upper  electrode; 

5)  spark  discharge. 


The  film  thickness  on  the  part  of  the  disc  which  rises  Into  the  spark  dis¬ 
charge,  other  conditions  being  equal,  depends  on  the  runoff  time  of  the  liquid 
from  the  surface  of  the  disc  rising  upward,  and,  consequently,  not  only  on  the 
viscosity  of  the  solution,  but  on  the  rate  at  which  the  disc  is  rotating;  Increasing 
the  rotational  rate  leads  to  an  increase  in  the  film  thickness  on  the  disc  surface.  In  measuring  the  film  thickness 
one  should  remember  that  the  film  thickness  of  the  withdrawing  layer  of  liquid  rapidly  decreases  ongoing  from  point  ^to 
point  ii  In  Fig.  1;  subsequently,  the  liquid  runoff  stops  and  after  point  ii,  changes  In  the  fllm  thickness  come  to  a 
stop.  Accordingly,  all  measurements  of  the  film  thickness  should  be  carried  out  on  those  parts  of  the  disc  coming 
after  point 


TABLE  1 

The  Relation  of  the  Blackening  of  the  Cd  line  I  3261.1  to  the  Nature  of  the  Anion  (Concentration 
of  Cd  in  solution  0.5 <7o) 


Salt 

Blackening  of  the  Cd  line  3261.1 

capillary  graphite 
electrode 

rotating  electrode 

graphite  electrodes 
covered  with  a 
solid  film  of  the 
salt 

graphite 

copper 

CdS04 

1.12 

0.94 

0.43 

1.01 

CdCl2 

1.12 

0.91 

0.44 

1.22 

Cd(NO,)2 

1.15 

0.96 

0.43 

1.17 

Cd(CHjCOO)i 

1.13 

0.98 

- 

1.12 

717 


The  film  thickness  depends  to  a  considerable  extent  on  the  state  of  the  disc  surface;  accordingly.  In  each 
case,  beiore  measuring  the  film  thickness  of  solutions,  the  surfaces  of  the  discs  were  submitted  to  a  fairly  long 
preliminary  treatment  by  a  spark  discharge  in  order  to  remove  accidental  contamination,  and  to  enhance  the 
wettability  of  the  disc  by  the  solution.  The  relation  between  the  thickness  of  a  water  film  and  the  runoff  time 

of  the  liquid  as  the  disc  moves  from  point  a  to  boint  b,  a  relation  which 
is  characteristic  of  graphite  and  carbon  electrodes,  is  shown  in  Fig.  3. 
An  increase  in  the  runoff  time  of  the  liquid,  which  is  caused  by  a  slow¬ 
ing  down  in  the  rotational  rate  of  the  disc,  leads  to  a  gradual  decrease 
in  film  thickness. 


oo.w 


t) 

5  ^,<>'^■^1 


K 


\ 


Graphite 


OniDr 


Copper 


—.1 


In  Fig.  4  is  shown,  as  an  example,  the  relation  of  film  thickness 
to  the  number  of  revolutions  per  minute  ofa  graphite  disc;  with  increasing 


d  Z  ‘i  t> 

Ilunoff  time  of  the  liquid,  sec 

Fig.  3.  Relation  of  the  film  thick¬ 
ness  of  water  on  graphite  and  cop¬ 
per  discs  to  the  runoff  time  of  the 
liquid. 


rpm 

Fig.  4.  Relation  of  the  film  thickness 
of  water  to  the  rotational  rate  of  gra¬ 
phite  discs. 


rotational  rate  ol  the  disc  there  is  observed  a  gradual  slowing  down  of  the  growth  of  the  film  thickness. 

Changes  in  the  value  of  the  film  thickness  with  changes  in  the  composition  of  the  test  solution  for  the  case 
of  aqueous  solutions  of  sulfuric  and  hydrochloric  acids,  using  graphite  and  copper  discs»are  shown  in  Fig.  5.  In  all 
these  cases  tlie  film  thickness  was  measured  for  discs  rotating  at  a  rate  of  20  rpm. 

From  a  consideration  of  Fig.  5,  it  is  clear  that  the  film  thickness  of  a  solution  introduced  into  the  spark 
discharge  zone  increases  appreciably  on  increasing  the  concentration  of  hydrochloric  and  sulfuric  acids,  and  tends 
to  some  constant  value.  As  is  evident  from  Fig.  6,  it  increases  with  increasing  viscosity  of  the  solutions.  From 
Fig.  7,  it  is  clear  that  the  temperature  of  the  solution,  which  alters  its  viscosity,  also  affects  the  film  thickness; 
thus,  a  change  In  temperature  of  the  solution  from  0  to  80*  leads  to  a  drop  of  four  times  in  the  film  thickness 
(I.  e.,  the  film  thickness  at  80*  is  one  quarter  of  that  at  0*)  of  water  when  copper  electrodes  rotating  at  20  rpm 
are  used.  The  relation  between  the  film  thickness  of  water  and  Its  viscosity  is  shown  in  Fig.  8. 

During  the  spark  analysis  of  solutions  using  rotating  electrodes,  it  is  usual  to  deal  with  film  thicknesses 
within  the  limits  of  0.006-0.06  mm;  the  amount  of  solution  introduced  In  unit  time  into  the  discharge  zone  usu¬ 
ally  changes  within  the  fimlts  of  0.2  to  6.0  mg/sec. 

The  amount  of  solution  evaporated  in  the  discharge  zone  on  introducing  the  solution  on  a  rotating  disc  was 
measured  on  the  basis  of  the  weight  of  solution  passing  into  the  spark  and  that  remaining  on  the  disc  after  It  has 
passed  through  the  spark  discharge;  at  the  same  time  the  thickness  of  the  film  of  solution  remaining  on  the  disc 
was  determined.  Experiments  showed  that  an  increase  In  the  rotational  rate  speed  of  the  electrode,  which  leads 
to  an  increase  in  the  film  thickness  of  the  solution,  and,  consequently,  to  an  increase  in  the  amount  of  solution 
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introduced  Into  the  discharge,  is  accompanied  by  an  increase  in  the  amount  of  solution  used  up  in  the  discharge 
zone.  In  the  case  of  copper  discs  this  is  illustrated  by  (Curve  1  in  Fig.  9). 

Figure  10  makes  it  possibleto  view  the  change  in  the  film  thickness  on  the  disc  before  and  after  the  solution 
has  passed  through  the  spark  discharge  as  a  function  of  the  rate  at  which  the  disc  rotates.  The  Him  thickness, 


Fig.  5.  Relation  of  the  film  thickness 
ot  a  solution  to  the  sulfuric  and  hydro¬ 
chloric  acid  concentrations  of  the  solu¬ 
tion.  1)  Graphite  disc;  2)  copper  disc. 


Fig.  6.  Change  in  film  thickness  on 
graphite  discs  with  increasing  viscosi 
ty  of  the  solution.  1)  Graphite  disc; 
2)  copper  disc. 


Fig.  7.  Change  in  film  thickness  as  the 
temperature  changes,  using  copper  elec¬ 
trodes. 


Fig.  8.  Relation  of  film  thickness  to  the 
Viscosity  of  water,using  copper  electrodes, 
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and,  consequently,  the  amount  of  solution  remaining  on  the  disc  surface,  are  approximately  constant  and  only 
depend  to  a  very  small  extent  on  the  amount  of  solution  introduced  into  the  discharge. 


Rotational  rate  of  the  disc, 
rpm 

Fig.  9.  The  relation  of  the  amount 
of  solution  evaporated  in  a  spark  to 
the  rotational  rate  of  the  disc.  1) 
Solution  used  up  in  the  spark  dis¬ 
charge;  2)  solution  introduced  into 
the  spark  discharge. 


rpm 


Fig.  10.  Relation  of  the  film  thick¬ 
ness  of  water  to  the  rotational  rate  of  the 
the  copper  discs.  1)  Thickness  of  the 
film  introduced  into  the  spark;  2) 
thickness  of  the  film  after  it  has 
passed  through  the  spark. 


3.  Relation  of  Line  Intensity  to  Film  Thickness;  Relation  of  Line  Intensity  to  the 
Amount  of  Solution  Introduced  into  the  Discharge 

In  order  to  establish  the  relation  of  line  intensity  to  film  thickness,  and  to  amount  of  solution  evaporated 
in  a  spark  discharge,  the  spectra  given  by  the  central  part  of  the  spark  discharge  (for  various  values  of  the  film 
thickness  and  amounts  of  solutions  used  up  in  the  discharge  zone)  were  photographed. 

It  might  be  expected  that  an  increase  in  the  weight  of  solution  evaporated  in  tlie  discharge  zone  should 
lead  to  an  increase  in  tlie  concentration  of  the  elements  in  tlie  spark  cloud,  and,  consequently,  should  be  accom¬ 
panied  by  an  increase  in  the  line  intensity  of  the  elements  in  solution.  However,  measurements  showed  the  oppo¬ 
site  relation  between  line  intensity  and  the  amount  of  solution  used  up  in  the  discharge  zone;  this  relationship 
for  the  case  of  copper  discs  is  shown  in  Fig.  11.  In  Fig.  12  is  also  shown  the  change  in  line  intensity  on  gradually 
Increasing  the  rotational  rate  of  a  graphite  disc,  which  leads  to  an  increase  in  film  thickness  of  the  solution  In¬ 
troduced  into  the  spark. 

The  relation  indicated  of  line  intensity  to  film  thickness,  and  to  the  rotational  rate  of  the  disc  holds  not 
only  in  those  cases  where  spectra  given  off  by  the  central  part  of  the  spark  are  the  subject  of  investigation,  but 
also  in  those  cases  where  the  spectra  are  averaged  for  all  the  radiating  volume  of  the  spark;  in  the  latter  instance, 
the  image  of  the  spark  is  projected  onto  the  plane  of  the  spectrograph  prism,  taking  into  account  the  possibility 
of  displacement  of  the  spark  along  the  electrode  surface. 

The  noncorrespondence  observed  between  the  amount  of  solution  evaporated  in  the  spark  discharge  and 
the  intensity  of  the  emitted  lines  of  the  elements  cannot  be  ascribed  to  possible  changes  in  the  excitation 
conditions  in  the  spark  discharge.  This  was  proved  in  the  following  manner.  Small  amounts  of  iron  salts  were 
added  to  test  solutions  containing  0.01*70  Cr,  0.001<7o  Zr,  and  0.2*70  Pb,  and  the  relative  intensity  of  the  spark  and 
arc  lines  of  iron  Fe  II  2739.6  and  Fe  I  3047.6  were  noted.  These  lines,  sensitive  to  any  changes  in  excitation 
conditions,  as  is  shown  in  Figs.  11  and  12,  indicated  no  appreciable  or  systematic  breakdown  when  the  film 
thickness  or  the  amount  of  solution  introduced  into  the  spark  discharge  is  altered. 
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The  drop  In  Intensity^without  exception,  of  all  the  lines  of  the  elements  in  solution  is  most  readily  ex¬ 
plained  by  a  deterioration  in  the  conditions  of  the  passage  of  the  evaporating  element  into  the  discharge,  on  in¬ 
creasing  the  film  thickness. 


I 


Fig.  11.  The  relation  ol  the  absolute  intensity  of  lead  and 
chronium  lines  and  the  relative  intensity  of  the 
arc  and  the  spark  lines  of  iron  to  ihe  amount  of  solution 
evaporating  in  a  spark  discharge. 


For  fairly  large  film  thicknesses,  the  passage  of  a  solution  in  the  discharge  has  the  character  of  an  explo¬ 
sion,  during  which  most  ot  the  evaporating  solution  is  directed  towards  the  edge  of  the  spark  cloud.  It  should  be 
noted  that  the  increase  in  line  intensity  with  decreasing  film  thickness  is  always  accompanied  by  rupture  of  the 
film  by  the  spark,  this  rupture  leaving  clear  traces  on  the  disc  surface. 


On  the  other  hand,  a  sharp  decrease  in  line  intensity  is  observed  when  a  fairly  thick  film  which  is  not  rup¬ 
tured  by  the  spark  forms  on  the  surface  of  the  disc;  a  further  increase  in  film  thickness  is  accompanied  by  a 

comparatively  small  weakening  of  line  intensity.  The  value  of  the 
"critical”  film  thickness  which  can  be  ruptured  by  a  spark  depends 
on  the  composition  of  the  solutions,  and  is  usually  of  the  order  of 
thousandths  of  a  millimeter. 

The  constancy  of  the  excitation  conditions  when  working  with 
films  of  variable  thickness  makes  it  possible,  as  a  first  approximation, 
to  assume  that  the  ratio  of  the  line  intensities  for  various  values 
of  the  film  thickness  of  a  solution  is  proportional  to  the  ratio  of  the 
amounts  of  the  solutions  actually  passing  into  the  spark  cloud.  In 
this  case  Ij/^  is  approximately  equal  to  atg|/acgt,  where  g^  and  g^are 
the  total  amounts  of  solution  used  up  in  the  spark;  and  aj  and  at  are 
correction  factors  which  determine  the  efficiency  of  the  entry  of  the 
solutions  into  the  spark  zone. 

Calculations  have  shown  that  the  efficiency  coefficient 
always  sharply  decreases  with  increasing  film  thickness  of  a  solution 
passing  into  a  spark  discharge;  the  decrease  in  the  value  of  the  effi¬ 
ciency  coefficient  with  increasing  film  thickness  of  a  solution  is 
shown  in  Fig.  13  in  a  case  where  copper  discs  were  used. 


Rotation  rate  of  the  electrodes,  rpm 

Fig.  12.  The  relation  of  the  line  inten¬ 
sity  of  zirconium  and  chromium  to  the 
rotational  rate  of  graphite  discs. 


Other  conditions  being  equal,  the  efficiency  with  which  a  solu¬ 
tion  is  used  up  depends  to  a  very  large  extent  on  its  electrical  con¬ 
ductivity;  an  increase  in  the  latter  makes  it  difficult  for  the  film  to 
be  ruptured  by  a  spark  discharge.  The  capacity  of  a  spark  to  rupture 


721 


Film  thickness  mm 


a  film  depends  to  a  very  large  extent  not  only  on  the  111m  thickness  and 
Its  electrical  conductivity,  but  also  on  the  rate  at  which  It  Is  Introduced 
Into  the  spark  on  the  surface  of  the  rotating  disc;  a  drop  In  the  speed  of  the 
disc  not  only  leads  to  a  decrease  In  film  thickness,  but  also  to  an  Increase 
In  the  time  for  which  It  stays  In  the  discharge  zone,  the  latter  facilitating 
rupture  of  the  film  by  the  spark.  Accordingly,  on  switching  from  rotating 
electrodes  to  capillary  electrodes  In  which  the  film  Is  renewed  for  a  longer 
time,  rupture  of  the  film  should  be  observed  at  significantly  larger  film 
thicknesses. 

In  evaluating  the  concentrations  of  elements  on  the  basis  of  the  abso¬ 
lute  values  of  the  line  Intensities  when  working  both  with  rotating  and 
with  capillary  electrodes.  It  Is  essential  to  take  Into  account  all  those  fac¬ 
tors  which  affect  the  electrical  conductivity  of  a  solution,  the  film  thickness 
on  the  electrode,  and  the  rate  at  which  the  film  Is  renewed  (the  rotation  rate 
of  the  disc,  the  diameter  of  the  canal  of  the  capillary  electrode,  the  mate¬ 
rial  of  the  electrodes  and  the  state  of  their  surfaces,  the  change  In  viscosity 
of  the  solution  with  temperature  and  with  changes  in  the  composition  of 
the  solution,  etc.). 


Fig.  13.  The  relation  of  the 
efficiency  coefficient  of  a  solu¬ 
tion  evaporating  In  a  spark  to 
film  thickness  on  a  rotating 
copper  electrode. 


The  appearance  of  organic  materials  in  solution  as  a  result  of  chemi¬ 
cal  preparation  of  the  solution  for  analysis,  and  the  changing  viscosity  of  solu¬ 
tions  and  their  capacity  to  wet  the  electrodes  should  also  be  taken  Into  ac¬ 
count  during  the  spark  analysis  of  solutions  when  capillary  and  rotating  elec¬ 
trodes  are  used.  For  example,  the  gradual  addition  of  sugar  to  a  solution, 
which  Increases  the  viscosity,  leads  to  a  continuous  drop  In  line  Intensity 
when  using  capillary  graphite  electrodes.  This  results  from  the  slowing  down  of  the  rate  of  renewal  of  the  film 
(Fig.  14). 


4.  The  Effect  of  Third  Elements  on  th  e  Excitation  Conditions  during  the  Spark 
Analysis  of  Solutions. 

One  of  the  possible  causes  of  the  effect  of  third  elements  on  the  line  Intensity  of  the  elements  under  obser¬ 
vation  may  be  a  change  In  the  excitation  conditions  In  the  spark  cloud,  caused  by  the  appearance  In  the  solution 
of  foreign  elements  and  particularly  of  elements  with  low  Ionization  potentials. 

The  breakdown  In  the  excitation  conditions  during  the  spark  analysis  of  solutions  was  established  from  the 
change  In  the  relative  Intensity  of  the  spark  and  arc  lines  of  Iron  Fe  II  2739.6  and  Fe  I  3047.6;  Iron  was  Introduced 
Into  all  the  test  solutions  as  a  chloride;  the  concentration  used  was  0.01%.  Observations  on  changes  In  the  ratio 
of  the  Intensities  of  the  Iron  lines  Indicated  were  made  on  a  series  of  solutions  with  successively  Increasing  con¬ 
centrations  of  the  Interfering  elemeias  which  had  Ionization  potentials  varying  over  a  wide  range  (from  3.9  to 
14.5  ev). 

It  was  found  that  In  those  cases  in  which  the  spark  discharge  is  formed  between  two  surfaces  of  fairly  thick 
films  of  solutions  on  rotating  disc  electrodes,  the  films  are  rarely  punctured  by  the  spark,  and  the  excitation 
conditions  depend  only  slightly  on  the  ionization  potentials  or  the  atomic  concentrations  of  the  elements  intro¬ 
duced  into  the  solution. 

This  Is  very  clearly  shown  In  Fig.  15  In  which  the  relative  Intensity  of  the  arc  and  spark  lines  of  iron  are 
plotted  along  the  ordinate,  while  the  values  of  the  atomic  concentration  of  the  elements  which  differ  greatly 
from  each  other  In  their  ionization  potentials  are  plotted  along  the  abscissa. 

When  the  rotational  rate  of  the  electrodes  Is  slower  and  the  thickness  of  the  film  of  solution  decreases,  the 
effect  of  elements  present  in  solution  on  the  relative  Intensity  of  the  spark  and  arc  lines  of  Iron  becomes  more 
and  more  clearly  marked.  This  can  be  seen  for  example  on  comparing  the  curves  shown  In  Fig.  16  which  relate 
the  relative  intensity  of  the  arc  and  spark  lines  of  Iron  to  the  potassium  concentration  In  solution,  when  solutions 
are  introduced  Into  the  discharge  in  the  form  of  thick  and  thin  films.  In  the  latter  Instance,  the  drop  In  the 
relative  Intensity  of  the  lines  of  Iron  Indicated  shows  up  quite  clearly  for  only  0.1  g  atom/liter  of  the  potassium 
(0.5%  potassium)  In  solution. 


20  <*0  SO 

*7o  sugar 

Fig.  14.  Changes  in  blackening  of  the 
lines  Cd  I  3261.1,  Zn  I  3345.0,  and 
Be  3321.3  on  increasing  the  sugar  concen¬ 
tration  in  a  solution,  using  a  graphite  cap¬ 
illary  electrode.  Concentrations:  0.5*^ 
Cd,  0.05%  Zn,  and  0.005%  Be. 


The  effect  of  the  elements'  ionization  potential  and  of 
the  concentration  of  the  elements  on  the  relative  intensity  of 
the  arc  and  the  spark  lines  of  iron  shows  up  clearly  on  switching 
from  paired  disc  electrodes  (Fig.  1)  to  a  capillary  electrode  (Fig. 
2),  in  which  the  film  of  solution  is  readily  punctured  by  the  spark. 

The  enhanced  effect  of  foreign  elements  on  the  excitation 
conditions,  on  slowing  down  the  rotational  rate  of  the  electrodes 
and  on  switching  from  rotating  electrodes  to  capillary  electrodes 
presumably,  is  determined  by  the  fact  that,  in  this  case,  the  cur¬ 
rent-conducting  canal  of  the  spark  coincides  to  a  lesser  extent 
with  the  gas  cloud  of  the  spark  giving  off  the  light.  The  phenom¬ 
enon  of  the  drop  in  the  dependence  of  the  spark  temperature  on 
the  ionization  potential  of  the  third  elements  when  the  spark  canal 
and  the  gas  cloud  do  not  coincide  has  been  observed,  for  example, 
by  Feldman  and  Wittels  [19J  during  work  with  a  porous  electrode 
filled  with  solution. 

In  work  with  capillary  electrodes  the  appearance  in  solu¬ 
tion  of  large  concentrations  of  elements  with  high  ionization  po¬ 
tentials  has  no  effect  on  the  relative  intensity  of  the  arc  and 
spark  lines  of  iron  (Fig.  17).  On  gradually  switching  over  to  ele¬ 
ments  with  lower  ionization  potentials,  there  is  observed  a  more 
and  more  significant  increase  in  the  relative  intensity  of  the  arc 


and  spark  lines  and  this  appears  at  lower  and  lower  concentrations  of  elements  in  the  solution. 


Thus,  in  a  spark  discharge  there  is  clearly  manifested  a  change  in  the  ratio  of  the  intensities  of  the  lines 
of  elements,  which  is  also  characteristic  for  an  arc  discharge,  in  which  the  appearance  of  elements  with  low 
ionization  potentials  leads  to  a  drop  in  the  temperature  conditions  of  excitation  [33,  34J. 


atm/  /loin  o,ni  at  i,0  ?//g  atom/liter 

Fig.  15.  The  relation  between  the  relative  intensity  of  the  lines  Fe  I  3047.6  and 
Fe  II  2739.6  and  the  atomic  concentrations  of  elements  with  varying  ionization  poten¬ 
tials;  graphite  rotating  electrodes  □  Cs  3.9  ev;  Ca  6.1  ev;  A  Zn  9.4  ev;  12.9  ev; 

O  K  4.3  ev;  X  Cu  7.7  ev;  O  S  10.6  ev;  □□  N  14.5  ev. 

As  an  example,  there  is  given  in  Fig.  18,  for  the  case  of  a  capillary  graphite  electrode,  the  relation  of 
the  relative  intensity  of  the  arc  and  spark  lines  of  iron  to  the  ionization  potential  of  the  elements  for  constant 
values  of  the  atomic  concentrations  of  the  elements  in  solution.  From  Fig.  18  for  example,  it  is  clear  that  for 
each  atomic  concentration  of  the  elements,  there  exists  some  minimum  value  of  the  ionization  potential  above 
which  the  elements  present  in  solution  do  not  affect  the  relative  intensity  of  the  arc  and  spark  lines  of  iron 
Fe  I  3047.6  and  Fe  II  2739.6.  A  further  drop  in  the  ionization  potential  causes  a  very  sharp  decrease  in  the  value 

of  the  relative  intensity  of  the  lines  indicated.  A  simple  relation,  (Fig.  19,  Curve  1)  exists  between  the  minimum 
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atomic  concentration  of  an  element  in  solution,  above  which  the  element  starts  to  affect  the  relative  intensity 
of  the  lines,  and  the  value  of  the  ionization  potential  E  of  the  element. 

The  relation  indicated  can  be  expressed  by  C  =  aE^,  so  that,  for  example,  the  relation  between  log  C  and 
log  E(  Fig.  20)  is  linear. 


Fig.  16.  The  relation  between  the  relative  intensity  of  the  arc  and 
spark  lines  of  iron  and  the  atomic  concentration  of  potassium  in  solu 
tion,  for  various  rotational  speeds  of  a  disc  electrode.  1)  11  rpm; 

2)  3  rpm. 


As  pointed  out  already,  on  switching  from  a  discharge  between  two  fairly  thick  films  of  solution  on  rotating 
electrodes,  to  a  discharge  between  a  graphite  electrode  covered  with  a  film,  which  has  a  graphite  electrode  fitted 
above  it,  there  is  observed  a  sharp  increase  in  the  effect  of  the  elements  on  the  relative  intensity  of  the  arc  and 
spark  lines.  Accordingly,  on  switching  to  a  discharge  between  two  carbon  electrodes  covered  with  a  solid  film  of 


Fig.  17.  The  relation  between  the  relative  intensity  of  the  iron  lines  Fe  I 
3047.6  and  Fe  II  2739.6  and  the  atomic  concentration  of  elements  with  vary¬ 
ing  ionization  potentials  on  introducing  the  solution  into  a  spark  between 
graphite  capillary  electrodes. 


the  salts  of  the  elements,  one  might  expect  an  increase  in  the  effect  of  the  elements  on  the  relative  intensity  of 
the  lines  Fe  I  and  Fe  II.  Expieriments  confirmed  such  an  assumption.  The  effect  of  constant  amounts  of  potassium 
on  the  relative  intensity  of  the  lines  Fel/  Fe  n  continuously  increases  on  switching  from  rotating  discs  to  capillary 
electrodes,  and  then  on  to  dry  electrodes  covered  with  a  film  of  potassium  salts  (Fig.  21).  For  greater  reliability. 
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the  Initial  values  of  the  relative  intensity  of  the  lines  Fe  I  and  Fe  II  were  commensurable  for  the  methods  indi¬ 
cated  of  introducing  the  solutions  into  a  spark  discharge. 

During  spark  analysis  of  solutions  of  variable  composition,  elimination  of  systematic  errors  caused  by 
changes  in  the  concentrations  of  the  elements  and  the  composition  of  the  solution,  depends  to  a  very  large  extent 

on  the  homology  of  the  analytical  lines;  the  demand  for 
homology  of  the  lines  should  increase  on  switching  from 
a  discharge  formed  between  two  rotating  discs  to  a  rotating 
disc  with  a  stationary  upper  electrode,  and,  particularly  to 
a  capillary  electrode. 

When  lines  which  are  sharply  nonhomologous  are 
used,  e.g., those  consisting  of  spark  and  arc  lines  of  the 
elements,  the  systematic  experimental  errors  obtained  dur¬ 
ing  the  determination  of  elements  on  the  basis  of  calibra¬ 
tion  curves  constructed  within  the  coordinates  log  C  and 
log  (Ij/lj),  may,  when  one  uses  a  capillary  electrode,  some¬ 
times  become  as  high  as  200*70,  in  those  cases  where  the  solu¬ 
tion  may  contain  a  few  percent  of  alkali  metal  salts  which 
extinguish  the  spark  lines  of  the  elements. 

It  should  be  pointed  out  that  in  addition  to  the  clearly 
manifested  dependence  of  the  relative  intensity  of  a  suffi¬ 
ciently  homologous  pair  of  lines  on  the  ionization  potentials 
and  on  the  concentrations  of  the  elements  present  in  solu¬ 
tion,  there  has  also  been  observed,  but  to  a  lesser  degree, 
a  more  complex  breakdown  in  the  ratio  of  the  intensities 
of  the  lines  when  third  elements  are  present  in  solution.  This  latter  shows  up  clearly,  for  example,  in  those  cases 
where  elements  with  high  ionization  potentials,  but  which  do  not  affect  the  excitation  conditions  in  a  spark  dis¬ 
charge,  are  introduced  into  the  solution.  Thus,  on  gradually  increasing  the  atomic  concentration  of  zinc  (9.4  ev) 


Fig.  18.  The  relation  of  the  relative  intensity 
of  the  Iron  lines  Fe  I  3047.6  and  Fe  II  2739.6 
to  the  ionization  potential  of  the  elements 
when  introducing  the  solution  into  the  spark 
from  a  capillary  graphite  electrode:  1)  0.1 
g  atom/liter;  2)  0.25g  atom/liter;  3)  1.0 
g  atoni/liter.  / 


Fig.  19.  Values  of  ionization  potentials 
and  atomic  concentrations  of  the  elements 
which  lead  to  equal  changes  in  the  ratio 
of  the  intensities  of  the  lines  Fe  I  3047.6 
and  Fe  II  2739.6.  The  solution  was  in¬ 
troduced  into  the  spark  from  a  capillary 
graphite  electrode. 


Fig.  20.  Values  of  the  ionization  po¬ 
tentials  and  atomic  concentrations  of 
the  elements  which  lead  to  equal  changes 
in  the  ratio  of  the  intensities  of  the  lines 
Fe  I  3047.6  and  Fe  II  2739.6.  The  solu¬ 
tion  was  introduced  into  the  spark  from 
a  capillary  electrode. 


as  zinc  nitrate  in  solution,  there  was  observed  a  corresponding  gradual  change  in  the  relative  intensities  of  the 
lines  of  the  elements  present  in  solution  (Fig.  22);  at  the  same  time,  no  changes  In  the  relative  intensity  of  the 
spark  and  arc  lines  of  Fe  I  and  Fe  II,  which  react  to  changes  In  the  excitation  conditions  of  the  spectrum,  were 
observed.  Attempts  to  connect  these  phenomena  with  such  factors  as  the  atomic  weight  of  an  element,  whether 
the  lines  belong  to  neutral  or  Ionized  atoms,  the  excitation  potentials  of  the  lines,  the  reabsorption  of  the  lines, 
etc.,  did  not  lead  to  any  definite  results. 


Fig.  21.  The  relation  between  the  relative  intensity  of  the 
arc  and  spark  lines  Fe  I  3047.6  and  Fe  II  2739.6  and  the  atom¬ 
ic  concentration  of  potassium  in  solution.  1)  Solution  intro¬ 
duced  on  rotating  graphite  electrodes;  rotational  rate  11  rpm; 
2)  solution  introduced  from  a  capillary  graphite  electrode;  3) 
solution  evaporated  on  the  surface  of  a  graphite  electrode. 


The  breakdown  in  the  ratio  of  the  intensities  of  the  lines,  which  is  not  related  in  a  definite  way  to  changes 
in  the  excitation  conditions  in  the  spark  cloud,  usually  only  manifests  itself  at  fairly  high  concentrations  of  the 
interfering  element,  sometimes  exceeding  by  several  orders  the  concentration  of  the  test  element. 

Preliminary  results  which  we  have  obtained  indicate  that  there  is  only  a  low  probability  that  anions  affect 
intensity  of  the  lines  of  the  elements. 
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Fig.  22.  Relation  between  the  difference  in  blackening  of  the 
lines  and  atomic  concentration  of  zinc  as  Zn(NPs)2  in  solution; 
Q  II  2677.2  Pb  I  2802.0  Zr  II  2571.4,  Fe  I  3047.6  and  Fe  II 
2739.6. 
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TABLE  2 


Sensitivity  of  the  Determination  of  Elements  during  Spark  Analysis  of  Solutions 


Cone,  of  elements  in  sol. 
in  which  its  line  appears,  ‘7o. 

Lines 

rotating 
electrode  ; 

capillary 

»raphite 

electrode 

P  113968,47 

II  3933,67 

M0-« 

1.10-8 

1.10-8 

MO-* 

1.10-8 

1  - 10-8 

Mg  II  2795.53 

3-10-« 

— 

3-10-8 

Be  113130,42 

3-10-* 

MO-" 

3-10-8 

113391,98) 
Zr  113438,41 

5- 10-8 

3-10-8 

1-10-8 

11  3496,21  j 

11  2568,87) 
112571,39 

11  2678,63  j 

3.10-8 

3-10-8 

1-10-8 

1 

1  3273,96 

1  3247,. 54 

MO-'- 

— 

1-10-8 

11  2005,69) 
Mu  112593,73 

;}•  l0-'> 

1- 10-8 

110-8 

11  2576,10) 

Sr  11  4077,71 

3.10-8 

— 

3-10-8 

11  2816,15 

3.10-8 

3  ■  10-8 

3-10-8 

Mo  11  2818,23) 

3.10-8 

1-10-8 

11  2871,51 ( 

1-10-8 

11  33 19, 01 

3.10-8 

1 . 10-3 

3-10-8 

-r-  113311.88) 

1.10-“ 

1.10-3 

1-10-8 

"  113372,80  / 

I-10-3 

3-10-8 

11  3088,03 

3.10-8 

1127(;i,8l  ] 

1-10-8 

P  1  27.50,14  1 

5.10-8 

2-10-8 

11 2 739,. 55  ( 

3-10-8 

1-10-8 

11  2599,40] 

1-10-8 

1  3382.89) 

1  3280,68  ) 

3.10-8 

1-10-8 

1 

Cr  1  1254,35 

3  10-8 

1 

O 

1-10-8 

Al  1  3961,. 53 

2.10-8 

1  1-10-8 

3-10-8 

Cone,  of  elements  in  sol. 
in  which  its  line  appears,  °lo. 

Lines 

rotating 

capillary 

„eleQtrQ(k _ 

graphite 

graphite 

copper 

electrode 

1 

ol  2497,73  ) 

“l  2496,78  j 

1-10-8 

MO-8 

1-10-8 

2950,88) 
Nb  2941,54  ] 

i-io-’’ 

5-10-8 

3-10-8 

2927,81  ) 

Ta  2512,04 

1.10-8 

MO-8 

1-10-8 

Co  I  3453,5 

1-10-8 

3-10-8 

3-10-8 

Ni  13414,77) 
*^'11  2416,14/ 

3-10-8 

3-10-8 

1  - 10-3 
5-10-8 

T1  13519,24 

5-10-8 

3-10-8 

1-10-8 

V II 3710,29) 

^  113216,68/ 

3-10-8 

1-10-8 

1  - 10-8 
3-10-8 

1-10-8 

5-10-8 

Ball  4554,04 

5-10-8 

1  -  10-8 

2-10-8 

...  I  2946,98) 

^  1  2944,40/ 

2-10-3 
2- 10-8 

5-10-8 

5-10-8 

3-10-8 

3-10-8 

Ga 1  4172,06 

3-10-8 

3-10-8 

MO-8 

^.12528,54) 
^'’l  2598.061 

3-10-8 

5-10-8 

3-10-8 

3-10-3 

3-10-8 

1-10-3 

.  I  3256.09) 

I  3039,36) 

1-10-8 

5-10-8 

MO-8 

1-10-' 

3-10-8 

y.  4022,09  ) 
‘"3421,19  / 

3-10-8 
1  - 10-2 

2-10-8 

5-10-8 

1-10-3 

5-10-8 

Pb  12614,18 

5-10-8 

1-10-8 

3-10-8 

P  1  2535,65 

1-10-8 

1-10-8 

3-10-8 

Sn  I  3034,12 

2-10-8 

5-10-8 

1-10-8 

13067,72) 
“‘12897,98  / 

1-10-3 

1-10-8 

MO-8 

3-10-8 

3-10-8 

1-10-2 

Zn  1  3345,02 

2-10-8 

1  - 10-2 

2-10-8 

When  spectra  of  solutions  of  CdClj,  CdS04,  Cd(NO^)2  and  CdfCHsCOO)^  were  photographed,  using  a  con¬ 
stant  cadmium  concentration,  no  changes  in  the  blackening  of  the  lines  were  observed,  whether  capillary  elec¬ 
trodes  or  rotating  graphite  and  copper  discs  were  used  (Table  1).  In  the  case  of  a  spark  discharge  between  dry 
films  of  cadmium  salts  deposited  on  the  surface  of  graphite  electrodes,  there  is  observed,  in  contrast  to  solutions, 
a  clear  relation  between  line  intensity  and  the  anion  of  the  salt. 

The  systematic  errors  obtained  during  analysis  of  solutions  with  a  variable  composition  can  be  reduced,  by 
using  a  discharge  between  two  surfaces  which  are  being  continuously  supplied  with  fresh  solution  and  by  adding 
to  the  solution  sufficiently  large  amounts  of  the  salts  of  elements  with  lower  ionization  potentials  than  those  of 
the  elements  to  be  determined. 

5.  The  Sensitivity  and  Reproducibility  of  the  Determination  of  Elements 

In  order  to  establish  the  sensitivity  of  the  detection  of  elements  in  solution  when  capillary  electrodes,  and 
also  rotating  graphite  and  copper  electrodes  are  used,  the  spectra  of  a  series  of  standard  solutions  with  gradually 
increasing  concentrations  of  the  test  elements  were  photographed  under  identical  conditions;  each  of  the  standard 
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solutions  contained  only  one  of  the  elements,  the  latter  being  used  as  the  chloride  wherever  possible.  The 
spectrum  excitation  conditions  were  kept  constant  in  all  cases.  For  photographing  the  spectra,  the  exposure  was 
chosen  so  that  the  continuous  background  had  similar  values  on  the  spectrograms. 

It  is  clear  from  Table  2  that  the  sensitivity  of  the  detection  of  elements,  either  graphite  rotating  discs  or 
capillary  electrodes,  differs  only  slightly.  Under  these  conditions  the  highest  sensitivity  of  detection 
(1  X  10"*  -  3  X  is  achieved  on  using  the  spark  lines  of  Ca,  Mg,  Be,  Zr,  Sr,  Mo,  Ti,  and  Mn  and  the  reso' 

nance  arc  lines  of  Cu  and  Ag.  The  sensitivity  of  the  detection  of  the  remaining  elements  given  in  Table  1,  on  the 
basis  of  their  spark  and  arc  lines,  amounts  to  5  x  -  1  X  10~H. 

When  copper  rotating  electrodes  are  used,  the  sensitivity  ot  detection  of  the  elements  is  the  same  or  some¬ 
what  less. 


When  solutions  are  analyzed,  the  sensitivity  of  the  determination  of  most  elements  increases  by  one  to  two 
orders,  compared  with  analysis  of  materials  in  the  solid  state. 

In  order  to  establish  the  reproducibility  of  the  spark  determination  of  elements  using  rotating  graphite  and 
copper  electrodes,  and  also  capillary  graphite  electrodes,  solutions  containing  varying  amounts  of  the  chlorides 
of  manganese  and  nickel  were  analyzed  several  times;  the  internal  standard  \x%edvras0,005°Jo  iron  in  the  form  of 
its  chloride;  titanium  was  used  as  the  internal  standard  during  the  determinations  of  the  concentration  of  beryl¬ 
lium,  boron,  and  molybdenum.  For  the  determination  of  the  ele¬ 
ments  indicated,  pairs  of  analytical  lines  were  used  which  were 
very  close  to  each  other  and  strongly  differed  from  each  other 
with  respect  to  the  excitation  conditions;  the  wave  lengths  of  the 
lines,  whether  they  belong  to  the  neutral  or  ionized  atoms,  and 
also  the  values  of  the  excitation  potentials  of  the  lines  are  given 
in  Table  3. 

Calibration  curves  relating  the  difference  in  blackening  of 
the  analytical  lines  to  the  concentration  of  the  test  elements 
(nickel,  manganese)  are  given  in  Fig.  23;  the  blackening  of  the 
analytical  lines  is  located  in  the  linear  section  of  the  characteris¬ 
tic  curve  of  the  photographic  plate. 

The  values  of  the  probable  error  of  one  determination  of 
nickel  and  manganese,  as  found  by  treating  30  photographs  of  the 
spectra  are  given  in  Table  3.  The  errors  of  a  single  determination, 
when  using  both  rotating  electrodes  and  capillary  electrodes,  de¬ 
pend  on  the  homology  of  the  chosen  pairs  of  lines.  When  work¬ 
ing  with  sufficiently  homologous  pairs  of  lines,  the  probable  error 
of  a  single  determination  amounted  to  *4.4-5.3*70  when  rotating 
discs  were  used,  and  ±3-4*70  when  working  with  capillary  graphite 
electrodes;  when  nonhomologous  analytical  pairs  of  lines,  composed 
of  arc  and  spark  lines,  were  used,  the  experimental  error  increased 
to  ±5-11*7o  on  using  rotating  electrodes,  and  to  ±5-14*7o  on  using 
capillary  electrodes. 


Fig.  23.  The  relation  of  the  difference 
in  the  blackening  of  the  lines  Mn  2576.1 
and  Fe  II  2585.9  on  the  one  hand,  and 
of  the  lines  Ni  I  3050.8  and  Fe  I  3020.6 
on  the  other,  to  the  concentration  of 
manganese  and  nickel  in  solution. 


In  order  to  establish  the  experimental  error  which  can  be  attributed  to  the  nonhomogeneity  of  the  photo¬ 
graphic  emulsion,  the  measurement  of  the  blackening  of  the  lines,  and  the  conversion  from  line  blackening  to 
intensity,  the  relative  intensity  of  the  homologous  spark  lines  of  iron  Fe  II  2598.369  and  Fe  II  2599.396  was 
measured  several  times.  Analysis  of  the  results  obtained  showed  that  the  probable  errors  in  determining  nickel, 
manganese,  boron,  beryllium,  and  molybdenum,  which  are  connected  with  recording  the  line  intensity,  amounted 
to  ±2-3*7o  for  nickel  and  manganese,  and  ±3-4 *7o  for  boron,  beryllium,  and  molybdenum.  This  means  that  it 
should  be  possible  to  increase  the  reproducibility  of  the  determinations  by  using  sufficiently  homologous  lines, 
and  using  more  accurate  methods  of  recording  line  intensity,  e.  g.,  by  switching  over  from  photographing  the 
spectra  to  direct  methods  of  photoelectric  measurements  of  line  intensity. 
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Reproducibility  of  the  Determination  of  Elements  during  the  Spark  Analysis  of  Solutions 
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SUMMARY 

One  of  the  main  reasons  why  third  elements  affect  the  line  Intensity  of  test  elements  during  spark  spectro- 
graphic  analysis  of  solutions  Is  the  change  In  excitation  conditions  caused  by  the  presence  In  solution  of  elements 
with  low  Ionization  potentials.  The  effect  of  the  elements  Is  not  only  related  to  the  value  of  their  Ionization 
potential  and  atomic  concentration^  but  also  to  the  conditions  used  for  Introducing  the  solution  Into  the  spark 
discharge. 

In  addition  to  the  clearly  manifested  relation  between  the  line  Intensity  and  the  Ionization  potential,  and 
between  line  Intensity  and  the  atomic  concentration  of  third  elements,  there  is  also  another  less  obvious  and 
more  complicated  effect  shown  by  the  elements  In  solution. 

The  effect  of  the  elements  in  solution  (the  effect  Is  a  minimum  when  the  spark  is  formed  between  two 
surfaces  of  the  solution  which  are  not  punctured  by  the  spark)  increases  when  one  switches  over  to  methods  of 
Introducing  the  solution  Into  the  spark.  In  which  processes  which  occur  on  solid  electrodes  become  manifest. 

The  line  Intensity  of  the  spectrum  of  a  solution,  up  to  the  moment  at  which  the  film  Is  punctured  by  a 
spark,  decreases  with  Increasing  film  thickness,  and  depends  on  the  viscosity  and  electrical  conductivity  of  the 
solution,  and  on  the  rate  at  which  the  film  Is  renewed. 

When  capillary  and  rotating  electrodes  are  used  in  conjunction  with  sufficiently  homologous  pairs  of  lines 
the  reproducibility  (probable  error)  for  a  single  determination  amounts  to  ±  3-5*70. 
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THE  USE  OF  A  PLASMA  GENERATOR  AS  AN  EXCITATION  SOURCE 
IN  SPECTROGRAPHIC  ANALYSIS* 

V.  V.  Korolev  and  E.  Vainshtein 

The  V.  I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry, 

Acad.  Sci.  USSR,  Moscow 


In  recent  years,  intensive  work  has  been  carried  out  to  develop  new  spectrum  excitation  sources,  which 
combine  as  much  as  possible  the  advantages  of  flame  excitation,  i.e.,  stability  and  the  high  degree  of  repro¬ 
ducibility  of  experimental  results  related  to  this,  and  the  advantage  of  the  arc  method  -  the  high  temperature 
which  ensures  a  high  sensitivity  for  spectrographlc  determination. 

The  present  article  is  devoted  to  a  description  of  the  first  results  we  have  obtained  during  a  study  of  the 
properties  and  spectral  characteristics  of  a  so-called  plasma  generator,  which  has  been  suggested  and  used  in 
recent  years  in  techniques  as  an  arc  burner  for  treating  and  cutting  supertough  alloys  [1-4J. 

In  a  burner,  whose  operational  principles  have  been  described  previously  [3J,  a  high-temperature  stream  of 
plasma  is  formed  as  a  result  of  thermal  and  electromagnetic  compression  of  the  plasma  of  a  dc  arc  on  lowering 
the  electrical  conductivity  of  its  surface  layer  by  cooling  with  water  or  an  inert  gas,  and  the  subsequent  ejection 
of  the  plasma  material  from  the  zone  of  the  arc  discharge  through  a  ring  cathode.  Ejection  of  the  plasma  from 
the  cylindrical  opening  in  the  cathode  occurs  at  a  speed  which  is  several  times  greater  than  the  speed  of  sound. 
This  gives  a  high  stability  to  the  stream. 


;;rp  v 


Fig.  1.  Schematic  diagram  of  the  source.  1)  Quartz  vessel; 

2)  cooling  jacket;  3)  upper  lid;  4)  graphite  rod;  5)  cylindrical 
carbon  cathode;  6)  carbon  anode;  7)  asbestos  gasket;  8)  cylin¬ 
der  of  inert  gas;  9)  manometer;  10)  tap;  11)  clamp;  12)  sprayer. 


*  After  finishing  this  work  we  learnedofthe  results  of  Margoshes  and  Scribner(Spectrochimica  Acta. 2, 138, 1959); 
these  authors  also  used  a  plasma  generator  for  the  spectrographlc  analysis  of  solutions,  and  have  demonstrated  the  possi¬ 
bility  of  using  it  for  the  determination  of  large  amounts  of  iron,  chromium,  and  nickel  in  steels. 
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In  Fig.  1  Is  shown  a  schematic  diagram  of  an  experimental  plasma  generator  which  we  have  constructed, 
together  with  the  electrical  circuit  of  the  system,  and  a  diagram  of  the  cooling  system.  The  source  consists  of 
a  quartz  vessel  1,  which  Is  placed  In  a  metallic  jacket  2  cooled  with  water,  and  inside  which  the  electrodes  of 
a  dc  arc  are  fitted-anode  6,  and  cathode  5.  The  cathode  which  is  fitted  into  the  upper-metallic  lid  3,  also  cooled 
with  water,  is  a  carbon  tube.  Below,  through  an  opening  in  the  bottom  of  the  vessel,  is  introduced  a  massive 
graphite  rod  4  onto  which  the  anode  is  fitted.  The  shape  and  dimensions  of  the  electrodes  used  in  these  experi¬ 
ments  are  shown  in  Fig.  2.  The  plasma  was  first  cooled  with  argon, 
but  in  subsequent  experiments  it  was  cooled  with  nitrogen  gas  which 
was  passed  into  vessel  1,  from  the  cylinder  8  through  two  symmetri¬ 


cally  arranged  tubes  fused  into  the  side  walls  of  the  vessel.  The  Nj 
pressure  in  the  vessel  was  changed  from  0.1  to  0.3  atmosphere  and 
was  measured  by  means  of  a  manometer  9.  The  main  series  of 
experiments,  which  will  form  our  subject  for  discussion  henceforth, 
was  carried  out  at  an  optimum  pressure  of  0.12-0.14  atm.  In 
order  to  make  sure  that  only  the  nitrogen  passed  out  through  the 
cylindrical  canal  of  the  cathode,  an  asbestos  gasket  was  fitted  into 
the  gap  between  the  lid  3  and  the  flange  of  vessel  1,  and  the  graphite 
rod  of  the  anode  4  fitted  very  closely  to  the  walls  of  the  opening 
into  the  vessel.  For  ease  of  dismantling  the  source,  and  also  for 
rapid  control  during  operation  of  the  interelectrode  gap,  the  appara¬ 
tus  was  mounted  on  a  spectrographic  stand. 


Fig.  2.  The  form  and  dimensions  of  The  electrical  circuit  of  the  source  is  similar  to  that  published 

the  electrodes:  a)  For  analysis  of  earlier  [5].  It  permits  work  to  be  carried  out  with  the  source  under 

powders  in  a  source  operating  under  the  conditions  of  an  ordinary  dc  arc,  and  also  under  the  conditions 

the  conditions  of  a  dc  arc;  b)  for  used  for  an  impulse  arc  with  currents  in  excess  of  30  amp.  The  con- 

analysis  of  powders  in  a  source  op)era-  struction  of  the  source  permits  it  to  be  used  for  the  analysis  of  powders 

ting  under  the  conditions  of  an  im-  and  for  studying  solutions.  In  the  latter  instance,  the  test  sample  was 

pulse  arc;  c)  for  the  analysis  of  solu-  introduced  into  the  operating  space  of  the  source  together  with  the 

tions.  nitrogen  stream  by  means  of  the  sprayer  12,  which  is  depicted  on  the 

lower  left  part  of  Fig.  1. 


In  order  to  get  a  stream  of  plasma,  a  spark  discharge  from  an 
IG-2  generator  which  activated  the  arc  was  passed  through  the  interelectrode  gap  cooled  with  nitrogen.  After 
an  arc  discharge  had  developed  (depending  on  the  nature  of  the  experiments  being  carried  out)  the  spark  dis¬ 
charge  stopped,  while  the  value  of  the  Interelectrode  gap  in  the  arc  was  adjusted  to  the  requisite  value.  The 
a3  self-compression  of  the  plasma  which  occurs  as  a  result  of  cooling 

leads  to  the  ejection  of  the  plasma  material  in  the  form  of  a  stream, 
which  after  passing  through  the  cathode  canal  appears  on  the  out¬ 
side  of  the  vessel  1  in  the  form  of  a  "jet",  which  has  a  diameter 
(at  the  exit)  of  about  3.5  mm  and  is  more  than  90  mm  long.  The 
temperature  of  such  a  source  depends  on  a  number  of  factors,  first 
and  foremost  on  the  diameter  of  the  cathode  opening,  the  arc  cur¬ 
rent, and  the  Intensity  with  which  the  plasma  is  cooled.  According 
to  the  result  of  Weiss  [1]  and  other  workers,  under  appropriate  con¬ 
ditions  it  can  be  adjusted  to  10,000'  K  and  higher.  During  analysis 
of  powdered  materials,  the  character  of  the  passage  of  the  elements 
into  the  plasma  of  the  spectrum -excitation  source  being  studied, 
depends  to  a  considerable  extent  on  the  size  of  the  interelectrode 
gap.  That  this  is  so  is  evident  from  a  consideration  of  the  curves 
sec  shown  in  Figs.  3  and  4.  They  characterize  the  change  in  intensity 

Fig.  3.  Curves  illustrating  the  changes  of  the  line  Ca  3158.9  (Curves  2  and  2’)  and  of  the  line  Si  2514.3 
in  intensity  of  the  lines  Ca  3158.9  (Curves  1  and  1’)  with  time  during  evaporation  of  these  elements 

(1  and  1')  and  Si  2514.3  (2  and  2*)  from  a  sample  of  slag  in  the  source  operating  under  the  conditions 

with  time,  for  two  values  of  the  inter-  of  a  dc  arc  (Fig.  3),  and  under  those  of  an  impulse  arc  (Fig.  4),  for 

electrode  gap  of  a  dc  arc  —  3  mm  and  the  two  extreme  values  of  the  interelectrode  distances  —  3  and  20 

20  mm.  mm  -  used  in  our  experiments.  The  current  was  30  amp.  The  test 


sec 

Fig,  4.  Curves  Illustrating  the 
changes  In  Intensity  oi  the  lines 
Ca  3158.9  (1  and  1’)  and  SI 
2514.3  (2  and  2')  with  time, 
for  two  values  of  the  Interelec¬ 
trode  gap  of  an  Impulse  arc  — 

3  mm  and  20  mm. 


sample  of  slag  was  placed  in  the  canal  of  the  lower  electrode— the  anode. 

In  order  to  get  the  spectra  and  to  photograph  them,  the  image  of  the  central 
part  of  the  stream  was  projected  onto  the  spectrograph  slit  by  means  of  a 
one-lens  illumination  system.  ♦ 

For  a  small  interelectrode  distance  there  Is  almost  no  fractionation, 
and  the  corresponding  curves  for  changes  In  the  intensity  of  the  analytical 
lines  of  various  elements  with  time  differ  very  little  from  each  other,  and 
are  characterized  by  a  sharp  maximum,  which  appears  during  the  first  few 
dozen  seconds  of  arc  burning.  With  increasing  imerelectrode  distance,  frac¬ 
tional  distillation  of  the  elements  starts  to  show  up  more  and  more  clearly. 

It  becomes  particularly  noticeable  when  the  source  is  operating  under  the 
conditions  of  a  dc  arc,  and  levels  down  somewhat  (as  one  might  expect)  on 
switching  over  to  Impulse  conditions.  The  effect  of  the  operating  condi¬ 
tions  of  the  source  on  the  character  of  the  passage  of  the  test  material  into 
the  plasma  stream  also  shows  up  on  the  curves  reflecting  changes  in  the 
line  intensity  of  the  elements  at  low  Interelectrode  gaps.  While  in  the  case 
of  dc  arc  conditions  there  is  at  first  a  gradual  increase  in  the  rate  at  which 
an  element  passes  into  the  stream,  and  toward  the  end  there  is  a  sharp 
Increase  in  this  rate,  when  the  conditions  of  an  Impulse  arc  are  used,  the 
maximum  of  the  corresponding  curves  is  sharply  displaced  towards  the  ori¬ 
gin. 


The  source  described  is  also  characterized  by  the  distribution  of  the 
atoms  and  ions  of  the  test  material  in  the  plasma  stream.  In  order  to  study 
this  question,  we  measured  the  intensity  of  the  lines  of  the  elements  on 
spectrograms  obtained  by  projecting  onto  the  spectrograph  slit  various  sections  of  the  plasma  stream  along  its 
length,  and  also  at  one  section  (near  the  nozzle)  across  the  stream.  In  Fig.  5  are  shown  the  corresponding  results, 
which  Illustrate  the  distribution  of  the  excited  atoms  and  ions  of  zinc  along  and  across  the  plasma  stream  of  the 
source  being  tested.  As  is  evident,  the  number  of  excited  atoms  in  the  stream  decreases  along  its  length  almost 
linearly.  For  the  ions,  toward  the  end  of  the  stream,  a  sharper  decrease  in  number  is  observed,  and  also  a  sharper 
decrease  in  the  intensity  of  the  corresponding  lines.  In  the  cross  section  of  the  stream,  the  excited  atoms  and  ions 
are  distributed  symmetrically  relative  to  the  stream  axis  according  to  a  "bell-shaped"  curve  (normal  Gaussian 
distribution). 

In  order  to  study  the  stability  of  the  operation  of  a  plasma  generator  as  a  spectrum  excitation  source  (as 
compared  with  other  sources  -  a  dc  arc  and  an  impulse  arc),  the  intensity  of  the  spectral  lines  of  various  ele¬ 
ments  was  continuously  recorded  on  a  very  simple 
photoelectric  setup.  The  test  sample  in  the  form  of 
a  powder  was  placed  In  the  crater  of  the  lower  elec¬ 
trode  of  an  arc  which  was  operated  either  under  the 
conditions  used  for  an  ordinary  dc  arc  or  under  the 
conditions  of  an  impulse  arc.  The  central  part  of 
the  plasma  stream  was  projected  by  means  of  a  con¬ 
denser  system  through  a  light  filter  onto  a  photo¬ 
element.  An  EPP-09  automatic  recorder  was  used 
for  recording  the  variations  in  the  photocurrent.  In 
Fig.  6  are  compared  the  curves  obtained  relating 
changes  in  the  line  Intensity  of  calcium  on  using 
an  ordinary  dc  arc,  an  impulse  arc,  and  a  plasma 
generator  as  the  spectrum  excitation  source.  As  is 
clear  from  these  curves,  in  contrast  to  a  dc  arc  and 
an  Impulse  arc  for  which  there  are  observed  in  the 
plasma  of  these  sources  more  or  less  disordered  jumps 


mm 
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Fig.  5,  Change  In  line  Intensity  of;  Zn  I  3345.0  (1) 
and  Zn  II  2557.9  (2)  along  (A)  and  across  (B)  the  plas* 
ma  stream  of  the  source. 


•The  high  stability  of  the  stream  makes  it  possible  to  do  without  a  system  for  illuminating  the  spectrograph  slit. 
As  an  approximate  evaluation  shows,  this  increase  the  intensity  of  the  spectra  5-6  times. 
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In  the  line  intensity  of  the  element,  the  line  intensity  of  the  element,  when  the  latter  Is  excited  In  the  stream  of 
a  plasma  generator,  proves  to  be  considerably  more  stable,  and  the  observed  variation  in  the  Intensity  has  a 
much  more  regular  character  (externally  this  appears  as  the  characteristic  "breathing"  of  the  plasma  stream). 

An  essential  factor  also  is  that  the  degree  of  stability  of  a  source  depends  on  the  distance  between  the  electrodes. 

The  plasma  generator  operates  even  more  firmly  during  the  analysis  of  solutions.  This  is  illustrated  in  Fig. 
7,  in  which  are  compared  the  curves  for  changes  in  the  line  Intensity  of  calcium  introduced  into  the  discharge 


Fig.  6.  Variations  in  the  line  Intensity  of  calcium  during 
evaporation  of  the  latter  from  powdered  slag  In  various 
sources.  1)  dc  arc;  3)  impulse  dc  arc;  2)  and  4)  plasma 
generator  operating  under  the  conditions  of  a  dc  arc  and 
an  impulse  arc,  respectively. 
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determination  of  calcium  in  a  solution  of  CaClj  by  means 
of  a  plasma  generator  (1)  and  a  fulgurator  (2). 


zone  of  a  plasma  generator  arc  in  the  fomi  of  calcium  chloride  solution,  and  the  curves  obtained  on  analyzing 
the  same  solution  in  an  ac  arc  using  a  fulgurator  [6].  Variations  in  the  intensity  of  the  test  element  during  the 
operation  of  this  source  are  very  small  and  are  somewhat  less  than  those  that  one  usually  meets  on  using  the  ordi¬ 
nary  methods  of  analyzing  solutions. 
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Turning  to  the  sensitivity  of  spectrographic  determination  of  the  elements  by  means  of  the  excitation 
source  described  -  which,  by  analogy  with  the  flame  photometer  might  conveniently,  in  our  opinion,  be  called 
a  plasma  photometer  -  then,  we  conclude,  all  other  conditions  being  equal,  it  is  somewhat  lower  than  the  sensi¬ 
tivity  attained  by  using  a  dc  arc.  However,  the  low  value  of  the  background  on  the  spectrograms  from  the  plas¬ 
ma  stream,  and  the  possibility  of  working  without  using  a  system  for  illuminating  the  spectrograph  slit,  would, 
presumably,  allow  one  in  the  future  to  increase  the  sensitivity  of  a  determination.  At  the  same  time  the  high 
temperature  of  the  source  (about  10,000*  K)  would  make  such  a  source  convenient  for  the  determination  of  a 
number  of  elements  which  are  difficult  to  excite  under  normal  conditions. 

SUMMARY 

The  possibility  and  expediency  of  using  a  plasma  generator  as  a  source  of  spectrum  excitation  in  spectro¬ 
graphic  analysis  have  been  demonstrated,  and  a  description  is  given  of  one  of  the  possible  designs  of  such  a 
source . 

The  plasma  generator  differs  from  other  sources  by  the  high  stability  of  its  operation,  and  can  ensure  high 
reproducibility  of  the  results  of  quantitative  determination  of  a  large  number  of  elements. 

By  means  of  such  a  high-temperature  source  one  can  carry  out  the  analysis  of  solid  powdered  materials 
and  of  solutions;  for  the  analysis  of  solutions  one  can  expect  particularly  high  experimental  accuracy,  comparable 
with  the  experimental  accuracy  obtained  on  a  flame  photometer. 
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ON  SOME  ANOMALOUS  FORMS  OF  POLARIZATION  CURVES 
ON  A  DROPPING  MERCURY  ELECTRODE 

N,  V.  Nikolaeva- Fedorovich  and  Yu.  M.  Povarov 


During  studies  of  various  electrical  reduction  reactions  on  a  dropping  mercury  electrode  ,  one  often  gets 
indications  of  some  polarization  curves  with  unusual  forms.  Some  authors  in  noting  this  phenomenon,  explain 
the  distortion  in  the  shape  of  the  curve  by  polarographic  maxima,  although  neither  the  potential  region  where 
the  "maxima"  are  observed,  nor  the  relation  between  the  concentration  and  the  nature  of  the  supporting  electro¬ 
lyte  indicates  that  one  Is  dealing  with  the  normal  polarographic  maxima  here.  During  the  polarographic  deter¬ 
mination  of  rhenium,  Lingane[l],  and  Geyer  [2J,  for  example,  observed  complex  polarograms  with  maxima  which 
did  not  disappear  on  adding  organic  materials  which  normally  supress  maxima  of  the  first  and  second  order  quite 
efficiently.  As  Geyer  points  out,  of  all  the  materials  tested  by  them,  the  maximum  only  disappeared  on  adding 
potassium  iodide  [2].  Distortion  of  the  limiting  current  wave  during  reduction  of  ReOj-  has  also  been  observed 
by  other  authors  [3]. 

Other  authors  do  not  give  any  explanation  for  the  unusual  forms  of  some  polarograms,  and  only  indicate 
that  It  Is  Impossible  to  determine  various  materials  polarographically.  Unusual  forms  of  polarograms  have  been 
obtained  during  a  study  of  the  reduction  of  niobium  on  a  dropping  mercury  electrode  [4],  during  the  reduction  of 
nickel  and  cobalt  in  a  supporting  electrolyte  of  potassium  thiocyanate  [5].  A  sharp  decrease  In  the  limiting  cur¬ 
rent  In  a  certainpotentlal  range  was  observed  by  Filipovic  et  aL[6]  during  the  reduction  of  in  various  buffered 
solutions,  by  Bulovova  [7]  while  studying  the  reduction  of  indium  in  a  supporting  electrolyte  of  solutions  with 
anions  which  can  be  deformed  and  which  are  not  deformed,  and  by  Souchay  [8],  and  Jei^ovksky  [9]  who  studied 
the  conditions  for  the  polarographic  determination  of  lO^.  Filipovic  and  Bulovova  are  of  the  opinion  that  the 
current  drop  on  the  !-</>  curve  is  possibly  connected  with  the  reduction  of  complex  anions  formed  in  solution. 

As  Is  evident  even  from  this  incomplete  list  of  articles,  in  which  there  are  indications  of  distortions  of  the 
l-<p  curves  which  apparently  are  not  connected  with  polarographic  maxima,  polarization  curves  with  unusual 
shapes  crop  up  often. 

In  our  opinion,  the  observed  distortion  of  the  shape  of  l~<p  curves,  or  the  appearance  of  maxima  which  dis¬ 
appear  on  adding  potassium  iodide,  can  be  explained  in  a  number  of  instances  by  the  fact  that  during  the  polaro¬ 
graphic  determination  of  some  materials  in  a  supporting  electrolyte  of  an  indifferent  electrolyte  at  a  concentra* 
tion  of  1  N  and  more,  formation  of  complex  anions  is  possible,  these  anions  being  then  reduced  on  the  dropping 
mercury  electrode;  the  present  authors  relate  the  polarization  curves  thereby  obtained,  however,  not  to  the  re¬ 
duction  of  the  anions  formed  in  solution,  but  to  the  reduction  of  the  original  materials  taken  for  analysis. 

A  consideration  of  the  experimental  results  given  in  the  articles  mentioned  above  confirms  this  explanation: 
the  sharp  drops  In  the  current  on  the  polarization  curves  for  the  reduction  of  rhenium,  indium,  etc.,  are  observed 
at  potentials  approximating  to  the  potential  for  the  zero  discharge  of  mercury,  when  there  occurs  a  shift  from  a 
»  positively  charged  surface  of  the  mercury  to  a  negatively  charged  surface.  At  present,  on  the  basis  of  a  large 
amount  of  experimental  data,  it  has  been  shown  that  the  current  drops  observed  in  the  region  of  negative  charges 
on  the  electrode  surface  are  characteristic  for  electrical  reduction  of  at  least  two  and  more  charged  anions. 

The  first  current  drop  in  l-<p  curves  was  observed  by  Kryukova  during  the  reduction  of  %Og*"  on  a  dropping  mer¬ 
cury  electrode  [10].  Subsequently,  the  slowing  down  of  the  reduction  of  anions  was  noted  in  a  number  of  articles 
during  the  reduction  of  other  anions  [llj. 
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Fig.  1.  K2Ni(SCN)4  in  a  solution  of  1  N 
KSCN,  Concentration  of  the  complex:  1) 
2  X  10-’  N;  2)  1  X  10"®  N. 


—  </>,  V  (satd,  calomel  elec.) 

Fig.  2.  10“®  N  K2Ni(SCN)4  in  a  solution  of 
1  N  KSCN:  Curves  taken:  1)  after  1  hour;  2) 
after  2  hours. 


The  phenomenon  of  the  current  drop  was  explained  by  electrostatic  repulsion  of  the  negatively  charged 
anions  by  the  negatively  charged  electrode  surface,  which  leads  to  a  drop  in  the  concentration  of  the  anions  in 
the  surface  layer.  On  addition  of  an  indifferent  electrolyte,  the  drop  in  current  during  reduction  of  certain  anions 
disappears.  This  could  be  explained  by  the  fact  that  on  increasing  the  concentrations  of  the  cations  of  the  sup¬ 
porting  electrolyte,  the  electrical  field  of  the  negative  charges  of  the  electrode  decreases.  In  some  cases,  on 
the  other  hand,  addition  of  an  indifferent  electrolyte  merely  limits  the  region  over  which  there  is  a  drop  in  cur¬ 
rent,  while  the  reaction  is  still  slowed  down. 


As  an  example  substantiating  the  explanations  given  above  for  the  distortion  of  the  polarization  curves,  we 
would  like  to  give  the  experimental  results  we  have  obtained  during  the  reduction  of  the  thiocyanate  complexes 
of  nickel  and  cobalt  on  a  dropping  mercury  electrode. 


As  pointed  out  already,  polarographic  curves  of  unusual  shape  which  have  been  obtained  during  the  reduc¬ 
tion  of  Ni®^  in  a  supporting  electrolyte  of  KSCN  have  been  given  in  cetain  articles  [5].  These  distortions  of  the 

l“(p  curves  could  be  explained  on  the  grounds  that,  during  the 
polarographic  determination  of  nickel  and  cobalt  in  a  support¬ 
ing  electrolyte  of  KSCN,  reduction  occurs,  not  of  the  cations 
Ni®^  and  Co®"*^,  but  of  the  complex  anions  of  these  metals  which 
are  formed  in  the  electrolyte  in  the  presence  of  KSCN,  and 
during  the  reduction  of  which,  there  may  be  observed  drops  in 
the  current  in  the  area  of  the  limiting  current.  In  order  to  ex¬ 
clude  the  effect  of  other  anions,  we  synthesized  the  complexes 
K2NI(SCN)4  and  K2Co(SCN)4,  and  studied  their  reduction  on  a 
dropping  mercury  electrode.  All  the  potential  values  are  quoted 
with  respect  to  a  saturated  calomel  electrode. 

In  Fig.  1  are  given  the  polarization  curves  for  the  reduc¬ 
tion  of  K2Ni(SCN)4  in  a  supporting  electrolyte  of  1  N  KSCN. 
Reduction  starts  at  </>  =  —  0.70  v;  the  current  Increases  and 
reaches  the  value  of  the  limiting  current.  At  </>  =  -1.2  v,  there 
is  observed  a  current  drop,  and,  after  reaching  some  minimum 
current  value,  the  reaction  rate  increases.  In  the  region  of 
the  limiting  current  there  is  observed  a  proportionality  between 
the  values  of  I^j  and  the  concentration  of  the  complex.  The 


Fig.  3.  2  X  10' 
of  1  N  KSCN. 


V  (satd.  calomel  elec.) 

N  K2Co(SCN)4  In  a  solution 
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polarization  curves  for  the  reduction  of  K2Nl(SCN)4  in  a  supporting  electrolyte  of  KSCN  change  with  time,  al¬ 
though  the  current  drop  does  not  disappear  even  after  the  solution  has  been  allowed  to  stand  for  a  long  time  In 
the  cell  (Fig.  2).  A  decrease  In  the  concentration  of  KSCN  leads  to  the  disappearance  of  the  wave,  which  Is 
connected  with  the  dissociation  of  the  complex  In  the  presence  of  low  concentrations  of  potassium  thiocyanate 
[12.  13]. 

The  polarization  curves  for  the  reduction  of  K2Co(SCN)4  are  shown  In  Fig.  3.  In  a  supporting  electrolyte 
of  1  N  KSCN  reduction  of  the  complex  starts  at  a  potential  of  <p  =—1.15  v.  The  value  of  the  limiting  current 

Is  proportional  to  the  concentration  of  the  complex.  At  a  poten¬ 
tial  of  (p  =-1,4  V,  the  current  starts  to  drop,  and  again  Increases 
at  potentials  which  are  more  negative  than  </>  =—1.5  v.  The 
current  drop  In  the  case  of  the  reduction  of  K2Co(SCN)4  Is  not 
so  clearly  marked  as  In  the  case  of  the  reduction  of  K2Nl(SCN)4. 
By  comparing  the  l-<p  curves  for  the  reduction  of  these  complexes. 
It  Is  possible  to  understand  why  the  diffusion  current  of  cobalt 
Is  very  unstable  during  the  determination  of  cobalt  In  the  pres¬ 
ence  of  nickel  In  a  supporting  electrolyte  of  potassium  thiocya¬ 
nate  [5];  reduction  of  K2Co(SCN)4  in  a  supporting  electrolyte  of  1 
N  KSCN  starts  at  a  potential  of  <p  =-0.15  v,  while  the  current 
drop  on  the  reduction  curve  for  lO"*  N  K2Ni(SCN)4  +  1  N  KSCN 
starts  at  =-1.2  volt,  which  Is  the  reason  for  the  instability  of 
the  limiting  current  for  the  reduction  of  cobalt. 

If  one  assumes  that  the  sharp  current  drop  In  the  region  of 
the  negative  charges  on  the  surface  on  passing  through  the  poten¬ 
tial  of  the  point  of  zero  charge  Is  connected  with  the  reduction 
of  complex  anions  which  are  formed  In  solution.  It  Is  possible 
to  explain  many  phenomena  observed  by  various  authors  during 
a  study  of  the  reduction  of  certain  materials.  Suppression,  for 
example,  of  the  polarographic  maximum  by  potassium  Iodide 
during  the  reduction  of  Re04—  can  be  explained  by  the  fact  that. 
In  a  supporting  electrolyte  of  2  N  and  4  N  HCl,  It  is  not  a  polaro¬ 
graphic  maximum  that  is  observed  but  a  polarization  curve  for 
the  reduction  of  the  complex  anion,  possibly  of  ReClg*”  [1,  14] 
on  which  there  Is  a  current  drop  in  the  region  of  the  potential  of  zero  charge.  Addition  of  the  iodide  anion  sup¬ 
presses  the  reduction  of  the  anions  when  there  are  positive  charges  on  the  electrode  surface  [2,  3],  and  the  reduc¬ 
tion  potential  of  the  complex  anion  shifts  toward  more  negative  potentials  at  which  there  is  observed  an  Increase 
in  the  current  after  the  minimum. 


—  </>,  V  (satd.  calomel  elec.) 
Fig.  4.  4  X  10-^  NPt(NH3)2(OH)2a2. 


Having  mistakenly  taken  the  Increase  in  the  reduction  current  of  the  anion,  with  Its  subsequent  drop  during 
overcharging  of  the  electrode  surface,  for  a  polarographic  maximum,  the  authors  naturally  could  not  explain 
why  the  maximum  disappeared  only  on  adding  KI.  It  is  impossible,  of  course,  to  affirm  that  unusual  forms  of 
the  polarization  curves  which  are  observed  during  polarographic  determinations  are  always  connected  with  reduc¬ 
tions  of  anions;  however,  we  should  like  to  bring  attention  to  the  possibility  that  this  may  be  so.  The  form  of 
the  polarographic  curves  can  also  change  as  a  result  of  exchange  reactions  between  the  complex  anions  and  the 
anions  of  the  supporting  electrolyte  [15]. 

The  slowing  down  of  electrical  reduction  reactions  when  the  electrode  surface  is  negatively  charged  is 
observed  not  only  in  the  case  of  the  reduction  of  complex  anions,  but  also,  as  Kivalo  and  Laltinen  [16]  discovered 
recently,  in  the  case  of  the  reduction  of  neutral  particles,for  example,  cis-Pt(NHs)2Cl2*  h®ve  also  observed 
a  current  drop  during  the  reduction  of  the  neutral  complex  PT(NH3)2(OH)2Cl2  (Fig.  4). 

This  phenomenon  can  be  explained  by  the  reduction  of  the  complex  anions  which  are  formed  during  the  hy¬ 
drolysis  of  the  original  salt,  or  by  the  fact  that  although  the  particle  as  a  whole  is  not  charged,  the  atoms  of 
chlorine  which  form  part  of  it  carry  negative  charges,  and  adsorption  of  these  on  the  electrode  surface  becomes 
more  difficult  as  the  negative  charge  increases  [17]. 
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SUMMARY 


The  polarographic  reduction  ot  the  thiocyanate  complexes  of  nickel  and  cobalt  have  been  studied  on  a 
dropping  mercury  electrode.  It  has  been  shown  that  the  distortion  of  the  polarographic  curves  which  is  observed 
in  a  number  of  cases  can  be  explained  by  reduction  of  complex  anions  which  are  formed  in  solution. 
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MOLYBDENOMETRY 


COMMUNICATION  I.  PREPARATION  AND  STANDARDIZATION  lOF  SOLUTIONS 
OF  TRIVALENT  MOLYBDENUM 

A.  I,  Busev  and  LI  Gyn 

M.  V.  Lomonosov  Moscow  State  University 

The  following  reducing  agents:  Ti^II,  Cr^^  Fe^I,  Sn^^  AsHI,  Cu^,  FefCN)}",  Soj".  SjOj",  l~,  HjOfe, 
Hgj(NO^)2,  Mo'^,  W^,  U^^,  hydroquinone,  ascorbic  acid,  hydrazine,  and  some  other  compounds  have  found  more 
or  less  wide  application  In  the  form  of  standard  solutions  in  analytical  chemistry.  The  appropriate  methods  have 
been  considered  In  numerous  reviews  [l-Bj.  Compounds  of  a  number  of  other  elements  of  lower  valence  (Nb^^^, 
Mo^^^,  etc.)  can  be  used  as  reducing  agents. 

We  thought  It  would  be  of  Interest  to  make  a  systematic  study  of  the  possibility  of  using  trivalent  molyb¬ 
denum  in  the  form  of  standard  solutions  for  determining  various  elements,  In  particular  sexivalent  molybdenum. 

Molybdenum  forms  compounds  in  which  It  is  found  In  the  sexi-,quinque-,  and  trivalent  state.  Moreover, 
under  certain  conditions,  complex  compounds  are  formed  in  which  molybdenum  exhibits  a  valence  of  four.  No 
reliable  values  for  the  normal  oxidation  potentials  of  Mo^Vmo^  and  Mo'^/Mo^^I  are  available.  Results  of 
measurements  made  by  Fbrster  et  al  [7],  and,  particularly  results  obtained  by  Hbltje  and  Geyer  [8],  give  some 
idea  of  these  values. 


Redox  Potential  of  Molybdenum  in  5  NHCl  [8]  (Tempera¬ 
ture  20*,  platinum  electrode) 


Total  Mo  concen¬ 
tration,  mole/liter 

1  '  1 

i  0.250  '  0,125  1 
!  .  1 

i 

0.083  j 

i 

0.050 

0.035 

Mo  (Vl/V)  (1  :  1).  V 

I 

+0,53l  +0,53 

+0.53 

+  0,54 

+0.54 

Mo  (V'/lll)  (t  :  1).  V 

+o,ri;+o,i7 

+  0.1!) 

-1  0,20 

+  0,21 

Available  results  show  that  solutions  of  trivalent  molybdenum  salts  possess  fairly  strong  reducing  properties 
and  deserve  systematic  study  as  titrants  for  the  determination  of  sexivalent  molybdenum  and  other  elements  In 
their  higher  valence  states  (Fe^^,  Mn^^^,  Cr'^^,  Cu^^,  Se^'^,  Te^^),  and  also  for  the  determination  of  some 

organic  materials. 

No  potential  jumps  corresponding  to  the  reduction  of  molybdenum  to  the  quadrivalent  state  are  observed 
on  the  potentiometric  titration  curves  of  sexivalent  molybdenum  in  a  medium  of  hydrochloric  or  sulfuric  acid 
with  solutions  of  such  strong  reducing  agents  as  divalent  chromium  salts,  even  when  the  most  diverse  conditions 
are  used.  Upon  observing  titration  curves  of  solutions  of  trivalent  molybdenum  with  permanganate,  dichromate, 
and  other  oxidizing  agents,  one  notes,  depending  on  the  conditions  used,  a  potential  jump  corresponding  to  com¬ 
pletion  of  conversion  of  molybdenum  to  the  quinquevalent  or  sexivalent  state.  Thus,  it  may  be  assumed  that 
during  titration  with  a  solution  of  trivalent  molybdenum,  the  latter  will  change  into  the  quinquevalent  state,  and, 
subsequently,  in  the  case  of  strong  oxidizing  agents,  to  the  sexivalent  state. 

Gapchenko  [9]  has  used  trivalent  molybdenum  solutions  as  a  reducing  agent  for  the  titrimetric  determina- 
tion  of  picric  acid,  cupferron,  iron,  and  cobalt. 
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PREPARATION  AND  STORAGE  OF  TRIVALENT  MOLYBDENUM  SOLUTIONS 


Reduction  of  sexlvalent  molybdenum  to  the  trlvalent  state  has  been  studied  several  times,  mainly  In  con¬ 
nection  with  Its  quantitative  determination  by  tltrlmetrlc  methods.  A  review  of  such  work  can  be  found  In  Gme- 
lln's  textbook  [10],  and  also  In  the  article  by  Holtje  and  Geyer  [8J.  Methods  of  preparing  some  trlvalent  molyb¬ 
denum  compounds  have  also  been  described  In  the  article  of 
Hartmann  and  Schmidt  [11],  which  Is  devoted  to  a  study  of  the 
complex  compounds  of  trlvalent  molybdenum.  The  most  promis¬ 
ing  methods  for  preparing  trlvalent  molybdenum  solutions  are 
those  based  on  reduction  by  means  of  amalgamated  zinc  and 
reduction  on  a  lead  cathode. 


Fig.  1.  Apparatus  for  preparing  and 
storing  trlvalent  molybdenum  solutions: 

1)  2-3  liter  bottle  for  preparing  molyb¬ 
denum;  2)  granulated  amalgamated  zinc; 
3)  2-3  liter  bottle  for  storing  trlvalent 
molybdenum  solution  prepared  in  bottle 
1;  4)  concentrated  hydrochloric  acid  or 
KQ;  5)  25  or  50  ml  buret;  6)  Kipp  ap¬ 
paratus  for  preparing  carbon  dioxide. 


The  simplest  method  of  preparing  standard  solutions  of 
trlvalent  molybdenum  is  the  reduction  of  acid  solutions  of  am¬ 
monium  molybdate  by  means  of  amalgamated  zinc.  However, 
the  trlvalent  molybdenum  solutions  prepared  in  this  way  will  con¬ 
tain  zinc  ions,  which  in  certain  cases  may  interfere  during  titra¬ 
tion. 

Preparation  of  trivalent  molybdenum  solutions  by  electri¬ 
cal  reduction  requires  relatively  more  complicated  apparatus; 
the  advantage  of  this  method  is  that  the  solutions  obtained  are 
free  from  foreign  ions. 

a)  Preparation  of  Trivalent  Molybdenum  Solu¬ 
tions  by  Reduction  of  Sexlvalent  Molybdenum 
with  Amalgamated  Zinc. 

The  apparatus  used  for  preparing  and  storing  a  solution  of 
trivalent  molybdenum  is  shown  in  Fig.  1. 

Preparation  of  a  Hydrochloric  Acid  Solution  of  Trivalent. 
Molybdenum.  In  order  to  prepare  2  liters  of  0.05  M  trivalent 
molybdenum,  17.7  g  of  (NH4)5  Mo70^4  MHjO  is  dissolved  in  2 
liters  of  2  N  HCl.  The  solutions  obtained  is  transferred  to  bottle 
1,  which  contains  500  g  of  amalgamated  zinc.  The  bottle  is 
closed  with  a  stopper  fitted  with  tubes  (see  Fig.  1),  which  connect 
with  the  buret  of  the  bottle  in  which  the  solution  Is  to  be  stored, 
and  to  a  Kipp  apparatus  used  for  generating  CO^.  Bottle  3  con¬ 
tains  concentrated  hydrochloric  acid  or  crystalline  potassium 
chloride  (100  g  per  liter  of  final  solution).  After  10-15  minutes 
the  color  of  the  molybdate  solution  In  bottle  1  changes  from 
red-brown  to  green,  and  after  1.5-2  hours  a  dark-green  solution 
of  trivalent  molybdenum  is  obtained;  the  latter  is  transferred  to 
bottle  3  for  storage;  concentrated  HCl  or  KCl  Increase  the  stabil¬ 
ity  of  trivalent  molybdenum  solutions. 


The  hydrogen  which  Is  liberated  during  the  reduction  of  sexlvalent  molybdenum  In  bottle  1,  should  be 
allowed  to  issue  outward  through  the  Kipps  apparatus;  for  this  purpose  the  tap  should  be  left  open  all  the  time. 

It  should  be  noted  that  during  the  reduction  of  sexlvalent  molybdenum  with  amalgamated  zinc  in  a  hydrochloric 
acid  mediumi  a  large  amount  of  hydrogen  is  liberated  Which  passes  out  through  the  buret  as  well.  When  reduc¬ 
tion  Is  complete, the  buret  tap  is  closed. 

In  order  to  establish  the  extent  to  which  the  sexlvalent  molybdenum  has  been  reduced  to  the  trlvalent  state, 
the  concentration  of  trivalent  molybdenum  is  first  determined  by  potentiometrlc  titration  with  molybdate,  dichro¬ 
mate,  or  cupric  sulfate.  The  total  molybdenum  Is  then  determined  by  potentiometrlc  titration  of  the  sexlvalent 
molybdenum  by  means  of  solutions  of  Mo^^^  or  Cra2  after  oxidation  of  Mo^^*  and  Mo'^  with  permanganate,  the 
excess  of  which  Is  reduced  by  addition  of  NajSO^  until  the  solution  has  been  decolorized. 
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In  this  way  It  was  established  that  under  the  experimental  conditions  used,  8b~9QPlo  of  the  sexlvalent  molyb¬ 
denum  was  reduced  to  the  trivalent  state.  The  rest  of  the  molybdenum  was  In  the  qulnque valent  state. 


mv 


Fig.  2.  Titration  curves  for  trivalent  iron  in  a  sulfuric 
acid  medium:  10.0  ml  of  0.1000  N  K2Cr207,  0.6  g  of 
Mohr's  salt  and  sulfuric  acid  taken;  Tj^qIII/j^^IV  =  0.006483; 
Room  temperature;  Titration  vessel  150  ml  capacity. 

1)40  ml  H2SO4  1:1, 10  ml  concentrated  1^304; 2) 40  ml 
H2SO4  1:1;  3)  40  ml  H2SO4  1:2;  4)  40  ml  H2SO4  1:5. 

The  potential  jumps  on  the  platinum  electrode  occur  on 
addition  of  14.9,  15.1,  and  15.5  ml  of  trivalent  molyb¬ 
denum  solution. 


Preparation  of  a  Sulfuric  Acid  Solution  of  Trivalent  Molybdenum.  In  order  to  prepare  0.05  M  trivalent 
molybdenum  solution,  8  g  of  (NH4)5Mo7C^4  *41120  is  dissolved  in  900  ml  of  4  N  H2SO4  and  the  solution  obtained 
reduced  with  amalgamated  zinc  in  the  bottle  of  the  apparatus.  Reduction  of  sexlvalent  molybdenum  to  the  triva¬ 
lent  state  proceeds  more  slowly  in  this  case  than  when  hydrochloric  acid  is  used.  Strongly  amalgamated  zinc 
reduces  molybdenum  slowly  in  a  H2SO4  medium.  Reduction  is  still  incomplete  even  after  one  month.  In  all  cases 
the  sexlvalent  molybdenum  is  not  reduced  to  the  trivalent  state  by  more  than  707o.  It  should  be  noted  that  the 
sulfuric  acid  solution  of  trivalent  molybdenum  appreciably  attacks  rubber  and  is  unstable  in  air.  Accordingly,  a 
sulfuric  acid  solution  of  trivalent  molybdenum  cannot  be  recommended  for  wide  application  in  practice  as  a 
reducing  agent. 

b)  Preparation  of  Trivalent  Molybdenum  Solutions  by  Reduction  of  Sexlvalent  Molyb 
denum  on  a  Lead  Cathode. 

Hydrochloric  solutions  of  Mo^^^  are  obtained  by  electrolytic  reduction  of  MoOj  solutions  as  follows  [12]. 

A  solution  of  20  g  of  MoO^  in  150  ml  concentrated  HCl  is  diluted  to  200  ml  and  is  reduced  with  a  diaphragm 
on  a  lead  cathode  at  a  current  density  of  1-2  amp/cm*l  The  anode  liquid  is  15*^0  HQ.  An  amalgamated  lead 
cathode  can  also  be  used  for  preparative  purposes.  The  cathode  is  amalgamated  after  each  electrolysis  [13]. 

The  solution  obtained  is  diluted  to  the  requisite  concentration  and  then  standardized. 

In  some  cases  it  is  more  convenient  to  isolate  trivalent  molybdenum  in  the  form  of  crystalline  K|  MoQg 
[12,  14]  or  (NH4)8Moae  [14].  These  compounds  are  completely  stable  in  air  and  can  be  prepared  beforehand  in 
large  amounts.  A  solution  of  MoO^  (35  g)  in  8  N  HCl  (350  ml)  is  electrolytically  reduced  to  Mo^^^;  the  solution 
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Is  evaporated  to  150  ml  (33*7o  Mods)  and  Is  then  saturated  with  HCl,  one  half  or  three  quarters  of  the  calculated 
amount  of  Kd  Is  added  (30-40  g)  In  the  form  of  a  Kflo  aqueous  solution,  and  the  solution  evaporated  at  70*  under 
reduced  pressure  until  crystals  start  to  separate  out;  the  filtrate  Is  saturated  with  Hd  while  the  solution  Is  cooled, 
and  the  compound  which  separates  out  washed  successively  with  concentrated  Hd,  alcoholic  Hd,  and  alcohol, 
and  finally  dried  under  vacuum.  Brick-red  crystals  of  KsMod#  are  thus  obtained. 


mv  , 


5  m  15  ml  Mo^*^ 

Fig.  3.  Curves  obtained  during  the  titration  of  divalent  copper  with  triva- 
lent  molybdenum  solution  In  a  hydrochloric  acid  medium;  10.0  ml  of 
0.1000  N  CuS04*5H20  and  60  ml  of  hydrochloric  acid  of  varying  concentra¬ 
tion  taken;  room  temperature;  “  0.007996;  capacity  of  titra¬ 

tion  vessel  150  ml.  1)  Hd  1 : 1;  2)  Hd  1 : 2;  3)  Hd  1 : 3;  4)  Hd  1 : 4;  5) 

Hd  1:5.  The  potential  jump  of  the  platinum  electrode  occurred  on  addi¬ 
tion  of  12.00;  12.04;  12.10;  12.15  and  12.20  ml  of  Mo  solution  respectively. 

In  order  to  prepare  (NH4)sMod6,  20  g  of  chemically  pure  ammonium  molybdate  is  dissolved  in  150  ml  of 
concentrated  hydrochloric  acid  and  the  solution  diluted  to  200  ml  with  water;  this  solution  is  then  electrolyzed 
at  a  current  density  of  1-2  amp/cm*  on  a  lead  cathode  for2-3  hours.  The  anode  liquid  is  1 : 1  Hd.  During  this 
process  the  color  of  the  solution  changes  from  a  weak  yellow  to  brown.  Next,  50  ml  of  a  saturated  NH4d  solu¬ 
tion  is  added.  After  this,  gaseous  Hd  is  passed  through  the  solution  for  20-30  minutes.  The  brown  precipitate 
of  (NH4)Mod6  which  separates  out  is  filtered  off  and  is  dried  in  air. 

The  potassium  and  ammonium  salt  are  equally  suitable  for  preparing  standard  solutions  of  trlvalent  molyb¬ 
denum.  An  amount  of  18.2  g  of  (NH4)jMode  is  dissolved  in  1  liter  of  3  N  hydrochloric  or  sulfuric  acid  (saturated 
with  COfe)  in  a  bottle  with  a  capacity  of  2  liters,  which  is  sealed  with  a  stopper  containing  tubes  leading  to  a 
buret  and  to  a  Kipp  apparatus  with  marble  and  hydrochloric  acid.  The  solution  obtained  is  red-brown. 

STANDARDIZATION  OF  TRIVALENT  MOLYBDENUM  SOLUTION 

The  trivalent  molybdenum  solution  was  standarized  potentiometrlcally  by  means  of  potassium  dichromate, 
cupric  sulfate,  and  molybdate. 


Standardization  of  the  Trlvalent  Molybdenum  Solution  by  means  of  Potassium  Dlchromate.  In  order  to 
standardize  a  trlvalent  molybdenum  solution,  a  0.1000  N  solution  of  K2Cr207  was  prepared  by  dissolving  the  ex¬ 
act  amount  of  the  chemically  pure  salt  In  1  N  sulfuric  acid  in  a  standard  flask.  An  amount  of  10.0  ml  or  20,0  ml 
of  the  dlchromate  solution  was  pipetted  into  the  titration  vessel,  and  40  ml  of  sulfuric  acid  1 : 1  and  10  ml  of 
concentrated  sulfuric  acid  added;  CO^  was  passed  through  the  solution  for  15  minutes  and  then  0.6  or  1.2  g  of 

TABLE  1 


Comparison  of  the  Factor  of  a  Trlvalent  Molybdenum  Solution  Standardized 
against  Cupric  Sulfate,  Potassium  Dichromate,  and  Ammonium  Molybdate 


Solution 

No. 

By  ammonium  molybdate 

By  cupric  sulfate 

By  potassiui 
dichromat( 

1 

0,007992;  0,008000 

0,008008;  0,008008; 
0,007968 

0,007988 

2 

0,002466 

0,002460 

— 

3 

0,006454 

— 

0,006448 

0,006448 

4 

0,007986 

0,007982 

0,007988 

Mohr’s  salt  free  from  trlvalent  iron  added;  the  carbon  dioxide  was  bubbled  through  the  solution  for  a  further  5-10 
minutes,  and  then  the  trlvalent  iron  formed  titrated  at  room  temperature  with  the  trlvalent  molybdenum  solu¬ 
tion  until  a  potential  jump  was  obtained.  The  change  in  potential  of  a  platinum  electrode  during  tritration 

of  trlvalent  iron  is  shown  in  Fig.  2.  This  method  gives 
accurate  and  readily  reproducible  results.  The  reac¬ 
tions  which  occur  can  be  expressed  by  the  following 
equations: 

CrzOf-  -h  OFc'  +  +  14H+  =  +  GFe^-*  4-  IH^O 

2Pe3+  -1-  Mo‘"  =  2Fc2+  f  Mo''. 

Direct  titration  of  potassium  dichromate  with 
a  trlvalent  molybdenum  solution  gives  less  reliable 
results. 

During  a  study  of  the  effect  of  the  sulfuric  acid 
concentration  in  the  solution  being  titrated  on  the  ac¬ 
curacy  of  the  standardization  of  the  trlvalent  molyb¬ 
denum  solution  by  means  of  potassium  dichromate,  it 
was  established  that  the  lower  the  sulfuric  acid  con¬ 
centration  in  the  solution  being  titrated,  the  later  the 
titration  end  point  corresponding  to  completion  of 
reduction  of  Fe^^^  to  Fe^^  (Fig.  2)  will  occur.  The 
potential  jump  at  the  endpoint  is  greater,  the  higher  the  sulfuric  acid  concentration.  Reduction  in  a  medium  of 
concentrated  sulfuric  acid  (above  18  N  1^804)  proceeds  fairly  rapidly,  while  in  a  medium  of  dilute  sulfuric  acid 
it  is  very  slow,  and  in  order  to  get  a  stable  electrode  potential,  it  is  necessary  to  wait  3-4  minutes  near  the  end¬ 
point. 

For  removing  oxygen  dissolved  in  the  solution  being  titrated  it  is  sufficient  to  pass  CO^  through  it  for  15- 
20  minutes  at  the  rate  of  3-4  bubbles  a  second. 

In  order  to  study  the  effect  of  temperature  on  standardizationof  trlvalent  molybdenum  by  means  of  potas¬ 
sium  dichromate,  10  ml  of  0.1  N  potassium  dlchromate,  40  ml  of  H2SO4  (1: 1),  10  ml  of  concentrated  H2SO4,  and 
0.6  g  of  Mohr's  salt  were  introduced  into  a  150  ml  beaker;  CO^  was  passed  through  the  solution  for  20  minutes  at 
the  rate  of  3-4  bubbles  a  second. 
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Fig.  4.  Stability  of  trlvalent  molybdenum  solutions 
during  storage;  1)  Solution  prepared  by  dissolving 
(NH4)sMoae  in  hydrochloric  acid;  2)  solution  prepared 
by  dissolving  (NH4)3Moa6  in  sulfuric  acid. 
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TABLE  2 


Changes  In  the  Factor  of  a  Trlvalent  Molybdenum  Solution  in  the 
Presence,  and  the  Absence  of  Amalgamated  Zinc  (10  ml  of  0.09950  N 
potassium  dIchromate  taken  for  each  titration) 


In  the  presence  of 
amalgamated  zinc 

In  the  absence  of 
amalgamated  zinc 

aixipji^nt  of 

Mo  .  used 

amount  of 

time', 

T  III  .  VI 

time. 

Mo^^  used 

T..  III,..  IV 

hr 

for  the  titra¬ 
tion,  ml 

Mo  /Mo 

hr 

for  the  titra¬ 
tion,  ml 

Mo  /Mo 

0 

11,05 

0,008640 

0 

11,72 

0,008145 

23 

11,58 

0,008245 

14 

11,74 

0,008132 

33 

11,88 

0,008037 

24 

11,75 

0,008125 

80 

13,59 

0,007026 

38 

11,78 

0,008104 

99 

15,05 

0,006343 

j  89 

12,21 

0,007820 

141 

17,85 

0,005348 

145 

12,46 

0,007663 

It  was  found  that  the  titration  endpoint  occurs  considerably  earlier  at  80-90“,  while  the  value  of  the  poten¬ 
tial  jump  at  the  endpoint  is  considerably  smaller  than  that  at  room  temperature.  However,  at  room  temperature 
the  endpoint  corresponds  accurately  to  the  equivalence  point.  The  factor  found  under  such  conditions  for  the  Mo^^^ 
solution  when  dichromate  was  used  agrees  with  the  factor  found  by  the  molybdate  method  (T  ~ 

=  0.003645  by  the  molybdate  method,  =  0.003653  by  the  dichromate  method). 

On  the  basis  of  the  results  obtained,  it  may  be  concluded  that  in  order  to  standardize  trivalent  molybdenum 
by  means  of  potassium  dichromate  in  a  sulfuric  acid  medium,  the  concentration  of  the  latter  should  not  be  less  than 
18  N,  while  the  titration  should  be  carried  out  at  room  temperature,  and  CO^  should  be  passed  through  the  solu¬ 
tion  for  20-25  minutes  prior  to  titration. 

Standardization  of  Molybdenum  Trichloride  Solution  by  Cupric  Sulfate.  Into  a  150-ml  beaker  to  be  used 
for  titration,  10.0  ml  of  0.1000  N  cupric  sulfate  and  60  ml  HQ  (1 : 1),  were  introduced  and  COfe  passed  through 
the  solutions  for  25-30  minutes  at  the  rate  of  3-4  bubbles  a  second  prior  to  titration;  during  the  actual  titration. 


TABLE  3 


The  Effect  of  Hydrochloric  Acid  Concentration  on  the  Stability  of 
the  Factor  of  a  Trlvalent  Molybdenum  Salt  •  Obtained  by  Reduc¬ 
tion  with  Amalgamated  Zinc 


Gone.  HCl 
^\^ded  per  liter 
^\^Mo^^  sol, 
^\ml 

Days 

50 

200 

21)0 

1 

1 

3C0 

0 

0,007334 

0,007075 

0,006410 

0,008148 

3 

0,007288 

0,(K)6.i79 

— 

— 

4 

- 

— 

0,006410 

— 

6 

0,007240 

0,00695!) 

— 

0,008442 

7 

— 

— 

0,(K)6393 

— 

8 

0,007180 

— 

— 

— 

10 

— 

— 

— 

0.008142 

11 

— 

— 

0,006368 

— 

14 

— 

— 

0,006351 

— 

*  Hydrochloric  acid  concentration  in  the  original  solution  obtained 
was  2  mole/liter. 
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the  rate  at  which  CO^  was  passed  through  the  solution  was  approximately  doubled;  the  solution  was  finally  titra¬ 
ted  with  the  Mo^^^  solution  at  room  temperature.  During  this  procedure,  Cu*^  ions  are  reduced  stepwise  according 
to  the  following  scheme; 

2CuC!2-  +  Mo‘"  ^  2CuCl7  +  Mo'^ 

2  CuCl-  -f-  Mo‘"  2Cu°  +  Mo^ 

When  the  first  reaction  was  complete,  a  distinct  potential  jump  was  observed  at  the  equivalence  point.  When 
the  second  reaction  was  complete  no  potential  jump  was  observed  at  the  titration  endpoint.  In  order  to  calculate 
the  factor  of  the  trivalent  molybdenum  solution,  the  titration  results  obtained  for  the  first  reaction  were  used. 

The  change  in  the  potential  of  the  platinum  electrode  during  titration  of  copper  is  shown  in  Fig.  3. 

When  atmospheric  oxygen  is  present  in  the  solution  being  titrated,  the  Cua2“  ions  formed  in  the  titration 
vessel  are  oxidized,  as  is  the  solution  of  Mo^^^  issuing  from  the  buret.  Accordingly,  the  tip  of  the  buret  was  im¬ 
mersed  in  the  solution  which  was  being  titrated,  while  a  layer  of  benzene  was  placed  above  the  latter.  In  order 
to  remove  oxygen  dissolved  in  the  solution  being  titrated,  it  was  sufficient  to  pass  CO^  through  it  for  30  minutes 
at  the  rate  of  2-3  bubbles  a  second. 

Despite  passing  CC^  through  the  solution  to  be  titrated  at  the  rate  of  2-3  bubbles  a  second,  somewhat  more 
of  the  Mo  solution  was  used  up  than  was  necessary  for  reducing  Cu*^  to  Cu^.  This  can  be  explained  by  the  fact 
that  small  amounts  of  oxygen  remaining  in  the  titration  vessel  oxidize  CUCI2"  and  Mo*^, 

Although  the  effect  of  atmospheric  oxygen  can  be  prevented  by  placing  a  layer  of  benzene  on  top  of  the 
solution  to  be  titrated,  the  use  of  benzene  complicates  the  method,  and  it  is  not  economical.  Accordingly,  we 
tried  to  eliminate  Interference  from  oxygen  in  the  titration  vessel  without  resorting  to  the  use  of  benzene.  In 

order  to  do  this  the  following  technique  was  adopted.  A  large  part  of 
the  Mo^^^  solution  was  added  from  the  buret,the  tip  of  which  was  im¬ 
mersed  in  the  solution  being  titrated.  Near  the  titration  endpoint  the 
buret  tip  was  placed  above  the  solution  so  as  to  follow  the  dropwise 
addition  of  Mo^^^  solution.  During  this  procedure  the  CO^  rate  through 
the  solution  being  titrated  was  increased  to  4-5  bubbles  a  second.  When 
such  conditions  were  used,  satisfactory  results  were  obtained  without  using 
benzene . 

In  order  to  establish  the  effect  of  the  acid  concentration  of  the  solu¬ 
tion  being  titrated  on  the  standardization  of  the  Mo^^  solution  by  means 
of  cupric  sulfate,  10.0  ml  of  0.1000  N  CuS04*5I^0  was  introduced  Into 
a  150  ml  titration  vessel,  and  60  ml  of  hydrochloric  acid  (1 :  1^  1 :2,  1 :3, 
1:4,  and  1:5)  was  added;  CO^  was  then  bubbled  through  the  solution  to 
be  titrated  for  30  minutes  at  the  rate  of  3-4  bubbles  a  second;  during  the 
titration  the  CO^  rate  was  increased  to  4-5  bubbles  a  second.  Titration 
was  carried  out  at  room  temperature. 

The  results  obtained  (Fig.  3)  show  that  with  decreasing  hydrochloric 
acid  concentration  of  the  solution  being  titrated,  the  titration  endpoint  occurs  later  than  the  equivalence  point 
corresponding  to  the  completion  of  the  reduction  of  Cu^^  to  Cu^.  In  addition,  the  potential  jump  decreases  with 
decreasing  acid  concentration.  Reduction  of  the  copper  proceeds  fairly  rapidly. 

On  the  basis  of  the  results  obtained,  it  can  be  concluded  that  Mo^^^  solutions  can  be  standardized  against 
cupric  sulfate  in  a  HCl  medium  1:1  (volume  of  solution  60  ml)  under  conditions  such  that  CO^  is  passed  through 
the  solution  at  the  rate  of  3-4  bubbles  a  second  for  25-30  minutes  prior  to  titration,  while  the  CO^  rate  is  increased 
to  4-5  bubbles  a  second  during  the  actual  titration.  This  method  also  gives  accurate  and  readily  reproducible  re¬ 
sults. 

Standardization  of  Trivalent  Molybdenum  Solutions  by  Means  of  Ammonium  Molybdate.  The  factor  of  a 
trivalent  molybdenum  solution  can  be  checked  by  potentiometric  titration  of  ammonium  molybdate: 


TABLE  4 

The  Stability  of  the  Factor  of  Tri¬ 
valent  Molybdenum  Solution  on 
Storage  (obtained  by  dissolving 
(NH4)sMoa6 


Tlmev 

hr 

1 

Factor  of  Mo^^^  sol. 

3  N  HCI 

3  ,V  H.SO, 

0 

0,001 59 '1 

0,001623 

17 

0,001592 

0.«K)1577 

65 

0,(«H579 

0,(H»Vi99 

125 

0,001550 

0.001124 

•m 

0,0()1521 

0,001289 
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2  MoO^-  +  Mo’"  +  i6H+  =  3  Mo'^  -f  8  H.O. 

The  molybdenum  content  of  the  solution  was  determined  gravimetrlcally  as  lead  molybdate.  Conditions  for  the 
titration  of  sexivalent  molybdenum  will  be  described  in  a  future  communication. 

As  Table  1  shows,  almost  Identical  results  are  obtained  when  a  trivalent  molybdenum  solution  Is  standardized 
either  against  potassium  dIchromate,  cupric  sulfate,  or  ammonium  molybdate. 

Potassium  bromate  and  potassium  lodate  are  not  suitable  as  original  materials  for  standardizing  Mo^^^  solu¬ 
tions,  since  during  titration  trivalent  molybdenum  is  oxidized  by  a  solution  of  potassium  bromate  and  iodate, 
not  only  to  the  quinque valent  state,  but  also  to  the  sexivalent  state,  and  in  addition  the  quinquevalent  molyb¬ 
denum,  which  Is  usually  present  in  the  trivalent  molybdenum  solution,is  also  oxidized.  This  leads  to  incorrect 
results.  Potassium  bromate  and  potassium  lodate  can  only  be  used  for  standardizing  trivalent  molybdenum  solu¬ 
tions  as  long  as  the  latter  are  free  from  quinquevalent  molybdenum. 

STABILITY  OF  THE  FACTOR  OF  SOLUTIONS  OF  TRIVALENT  MOLYBDENUM  DURING  STORAGE 

As  is  evident  from  Table  2,  a  solution  of  trivalent  molybdenum  is  less  stable  when  stored  In  the  presence  of 
amalgamated  zinc  than  in  Its  absence.  This  can  be  explained  by  the  fact  that  amalgamated  zinc  in  a  hydrochlo¬ 
ric  acid  medium  interacts  with  hydrogen  ions  according  to  the  following  equation: 


Zn  +  2H+  -  Zn2+  +  Hj. 


Trivalent  molybdenum  probably  lowers  the  hydrogen  overvoltage  on  the  amalgamated  zinc.  Accordingly  the 
acid  concentration  gradually  decreases.  With  decreasing  acid  concentration  there  Is  formed  a  dark-brown  precip¬ 
itate  as  the  result  of  the  hydrolysis  of  trivalent  molybdenum. 

From  the  results  given  in  Table  3,  it  is  clear  that  the  stability  of  solutions  of  trivalent  molybdenum  increase 
during  storage  with  increasing  hydrochloric  acid  concentration.  Potassium  chloride  has  approximately  the  same 
effect.  When  100  g  of  potassium  chloride  is  added  to  2  liters  of  Mo^^^  solution  in  a  2  N  HCl  medium,  the  factor 
of  the  solution  hardly  changes  at  all  over  a  period  of  14  days.  This  effect  presumably  is  connected  with  a  de¬ 
crease  in  dissociation  of  the  chloride  complexes  of  trivalent  molybdenum,  and  with  an  increase  in  the  potential 
of  Mo^/Mo^^^. 

On  the  basis  of  the  results  obtained  it  can  be  regarded  as  established  that  a  trivalent  molybdenum  solutions 
must  be  separated  from  amalgamated  zinc  during  storage.  Moreover,  it  is  essential  to  maintain  a  high  chloride 
concentration  in  the  trivalent  molybdenum  solution. 

The  fact  that  the  factor  of  the  solution  remains  unchanged  indicates  that  reduction  of  If*"  ions  by  trivalent 
molybdenum  (2H'’^  +  Mo^^^  =  1^  +  Mo^)  hardly  occurs  at  all. 

Table  4  contaias  results  which  characterize  the  stability  of  trivalent  molybdenum  solutions  obtained  by  dis¬ 
solving  a  preparation  of  (NH4)3MoCl6. 

Solutions  of  trivalent  molybdenum  in  hydrochloric  acid  are  considerably  more  stable  than  solutions  In  sul¬ 
furic  acid  (Fig.  4). 

Although  the  factor  of  trivalent  molybdenum  solutions  hardly  changes  at  all  for  several  days  when  high 
concentrations  of  hydrochloric  acid  or  potassium  chloride  are  used,  nevertheless  the  factor  should  be  checked 
every  two  to  three  days. 


SUMMARY 

Standard  solutions  of  trivalent  molybdenum  undoubtedly  are  of  certain  Importance  for  analytical  chemis¬ 
try,  since  they  possess  strong  reducing  properties,  are  comparatively  easily  prepared  by  reducing  ammonium  molyb¬ 
date  with  amalgamated  zinc  or  on  a  lead  amalgamated  cathode,  and  are  sufficiently  stable  when  they  are  stored 
and  used  under  appropriate  conditions. 
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POLAROGRAPHIC  DETERMINATION  OF  GOLD  ON 
A  ROTATING  MICRODISC  PLATINUM  ELECTRODE 

M.  B.  Bardin  and  V.  S.  Tetnyanko 
Kishinev  State  University 


Polarographic  determination  of  gold  on  a  dropping  mercury  electrode  is  difficult  because  of  the  chemical 
interaction  of  many  gold  compounds  with  mercury  metal.  Usually  complexing  agents  are  used  which  form  com¬ 
pounds  with  gold  which  are  stable  to  mercury  metal  [1-10], 

The  behavior  of  gold  toward  reduction  on  solid  electrodes  has  not  hitherto  been  studied  in  detail,  although 
there  are  individual  references  to  the  possibility  of  using  such  electrodes  for  the  polarographic  determination  of 
gold  [11,  12J.  Ezerskaya  [6]  using  a  rotating  platinum  wire  electrode,  obtained  a  gold  wave  which  is  not  clearly 
defined  enough  for  direct  quantitative  polarographic  determination.  This  author  has,  however,  successfully  titrated 
gold  amperometrically.  While  investigating  the  properties  of  a  rotating  wire  electrode,  the  back  part  of  which 
was  screened  with  a  ceresin  coating.  Ferret  and  Phillips  [13],  in  addition  to  other  metals,  determined  gold  polaro- 
graphlcally. 

We  studied  the  reduction  of  gold  on  a  platinum  microdisc  electrode,  and  also  the  possibility  of  using  the 
latter  for  the  polarographic  determination  of  gold. 

A  M7-2000  visual  polarograph  of  the  Gorky  Institute  of  Chemistry  was  used  in  conjunction  with  a  GZS-47 
mirror  galvanometer  which  had  a  maximum  sensitivity  of  10’®  amp/mm. 

An  electrode  (Fig.  1)  which  could  be  called  a  microdisc  electrode  was  used.  It  was  in  the  form  of  a  plati¬ 
num  wire  fused  into  a  glass  tube.  The  bottom  part  of  the  tube  and  the  platinum  were  carefully  polished.  Con¬ 
tact  was  established  through  mercury  in  which  a  copper  wire  was  immersed.  The  surface  area  of  the  platinum 
cathode  was  0.78  mm*. 

A  platinum  plate  with  an  area  of  400  mm*  was  used  as  the  anode,  as  well  as  an  external  anode  -  a  satura¬ 
ted  calomel  element  plus  mercury  with  sufficiently  large  area. 

The  rotational  speed  of  the  electrode  was  kept  constant  at  800  rpm.  A  vessel  described  previously  [14]  was 
used  as  the  electrolyzer. 

A  standard  gold  solution  was  prepared  from  commercial  chloroauric  acid.  The  concentration  of  the  stand¬ 
ard  solution  was  determined  gravimetrically  [15,  16];  it  was  found  to  be  0.0103  g/ml.  More  dilute  solutions 
were  prepared  by  diluting  the  standard  solution. 

Experiments  showed  that  in  a  supporting  electrolyte  of  0.1  M  NaNO^  or  KCl  from  which  oxygen  had  been 
removed  by  passing  nitrogen  through  the  solution,  the  gold  from  the  solution  of  chloroauric  acid  is  reduced  on  a 
platinum  microdisc  rotating  electrode,  and  gives  a  clear  cut  polarogram  with  two  diffusion  regions  (Fig.  2,  Curve 
3).  The  first  break  on  the  curve,  at  a  potential  of  +  0.6  v  (relative  to  the  saturated  calomel  electrode)  is  accom¬ 
panied  by  deposition  of  metallic  gold  on  the  electrode,  and  corresponds  to  the  process  [AuClJ”  +3e  -►  Au®  +4C1  . 
The  second  break  on  the  curve,  as  in  the  case  of  the  reduction  of  chloroplatlnlc  acid  [17],  corresponds  to  electri¬ 
cal  reduction  of  hydrogen  ions. 

Oxygen  which  is  dissolved  in  water,  since  it  is  reduced  on  a  platinum  microelectrode,  gives  a  distinct  wave 
and  interferes  with  the  determination  of  many  ions.  Bearing  in  mind  that  gold  is  reduced  at  a  more  positive 
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potential  (+0.6  v  with  respect  to  the  saturated  calomel  electrode)  than  oxygen  (+0.2  v)  it  should  be  possible  to 
omit  the  removal  of  oxygen  which  is  necessary  in  other  cases  [14,  17].  It  is  clear  from  Fig.  2  that  in  the  given 
test  solution,  oxygen  does  not  affect  the  gold  wave. 

Distinct  polarograms  are  obtained  for  gold  in  the  following  supporting  elec¬ 
trolytes:  0.1  M  solutions  of  the  chlorides  of  potassium,  sodium,  lithium,  ammon¬ 
ium,  and  in  0.1  M  solutions  of  sodium  nitrate,  sodium  perchlorate,  hydrochloric, 
sulfuric,  nitric,  and  perchloric  acids.  The  nature  of  the  ions  tested  has  no  effect 
on  the  reduction  potential  of  gold. 

In  a  supporting  electrolyte  of  0.1  M  sodium  acetate,  the  height  of  the  gold 
wave  was  depressed  somewhat;  In  a  supporting  electrolyte  of  ethylamlne  hydro¬ 
chloride  the  rise  on  the  curve  was  steeper  than  in  the  preceding  cases.  A  gradual 
drop  in  the  wave  height  was  observed  when  gold  was  polarographed  in  a  supporting 
electrolyte  of  sodium  tartrate.  During  this  process,  the  solution  acquired  a  violet 
color,  presumably  because  of  the  chemical  reduction  of  gold.  A  similar  state  of 
affairs  was  observed  when  Complexon  III  was  used  as  a  supporting  electrolyte. 

Changing  the  concentration  of  the  supporting  electrolyte  from  10“®  to  1-2 
M(as  was  done  in  the  case  of  KCl  and  NaNO^)  while  the  solutions  were  thermostat- 
ted,  has  no  essential  effect  on  the  wave  height  and  on  the  reduction  potential  of 
gold.  Some  of  the  increase  in  the  limiting  current  corresponds  to  the  reduction 
of  anions  on  die  cathode  [19].  In  subsequent  experiments  the  supporting  electro¬ 
lyte  used  was  0.1  and  1  M  KQ. 

Of  particular  importance  in  carrying  out  polarographic  determinations  with 
solid  electrodes  is  the  question  of  the  repeatability  of  waves  when  successive  polaro- 
Fig.  1.  Microdisc  plati-  grams  are  taken.  In  the  case  of  other  noble  metals  which  we  have  studied  [14,18], 

num  electrode.  it  was  shown  that  under  certain  conditions  it  is  possible  to  obtain  reproducible 

results.  The  definition  and  the  reproducibility  of  the  gold  wave  depends  to  a  sig¬ 
nificant  extent  on  the  state  of  the  surface  of  the  microdisc  electrode.  The  first  one  or  two  polarograms  taken 
with  a  freshly  prepared  electrode  do  not  appear  to  be  sufficiently  characteristic  for  a  given  gold  concentration. 
They  differ  in  that  they  have  a  more  negative  reduction  potential,  the  shape  of  the  wave  is  less  distinct,  and  the 

wave  height  is  less.  The  third  and  succeeding  polarograms  exhi¬ 
bit  good  reproducibility,  and  preserve  their  shape  and  height  in 
the  course  of  15-20  polarograms. 


II 


Fig.  2.  Effect  of  oxygen  on  the  gold  wave: 
1  and  2)  Supporting  electrolyte  0.1  M  KQ 
before  and  after  removal  of  oxygen;  3  and 
4)  solution  containing  0.43  mg  of  gold  in 
25  ml,  before  and  after  removal  of  oxygen. 


After  a  large  number  of  gold  polarograms  have  been  taken, 
they  become  somewhat  distorted,  probably  as  a  result  of  the  con¬ 
siderable  increase  in  the  electrode  surface  because  of  deposition 
of  gold  on  it.  In  such  cases,  the  electrode  is  treated  with  aqua 
regia  or  is  polished  with  fine  emery  cloth.  The  design  of  the 
microdisc  electrode  permits  the  latter  technique,  which  is  the 
simplest  method,  to  be  used.  Before  the  electrode  is  used  it  is 
carefully  washed  with  distilled  water,  and  two  or  three  polaro¬ 
grams  are  taken  which  are  not  used  for  quantitative  measurements. 
After  these  two  or  three  polarograms  have  been  taken,  reproduci¬ 
ble  waves  can  be  obtained  which  are  suitable  for  analytical  pur¬ 
poses. 

In  order  to  get  sharply  defined  polarograms  for  gold,  and  to 
get  constant  reduction  potentials,  it  is  also  essential  to  choose  con¬ 
ditions  which  will  ensure  that  there  is  hardly  any  polarization  of 
the  platinum  anode.  As  is  evident  from  Fig.  4,  it  is  only  when 
the  anode  surface  is  large  enough  that  its  potential  remains  con¬ 
stant  during  the  whole  time  that  polarograms  are  being  taken, 
i.  e.,  an  anode  that  is  similar  to  other  nonpolarizable  anodes. 

As  shown  in  Fig.  5,  there  is  a  direct  proportionality  between 
the  wave  height  of  gold  and  the  concentration  of  the  latter  in  solu¬ 
tion  over  a  fairly  wide  interval  of  2  x  10“^  to  3  x  10“*  M /liter. 
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Fig.  3.  Repeatability  of  the  gold  wave  In  successive  polarograms:  1)  After 
cleaning  the  microelectrode;  2)  after  gilding  the  microelectrode;  3)  the 
tenth  polarogram. 


Fig.  4.  Change  in  electrode  potentials  during 
polarographic  determinations  of  gold:  1,2,3,) 
of  cathode  (microdisc  platinum  rotating  elec¬ 
trode);  4,5,6)  of  anode  -  platinum  disc  with 
surface  area  of  400,  120,  and  60  mm*  respective¬ 
ly;  7  and  8)  of  anode  -  mercury,  saturated  calo¬ 
mel  electrode. 


Fig.  5.  Relation  between  the  diffusion  cut' 
rent  and  gold  concentration  when  a  rotat¬ 
ing  microdisc  platinum  cathode  is  used: 

1)  Anode  -  saturated  calomel  electrode; 

2)  anode  -■  platinum  disc  area  400  mm*. 
Tau  =  0-00043  g/ml. 


Determination  of  Gold 


Au  taken, 
g.  10"Vml 

Wave  ht. 
mm  of 

scale*  * 

Au  foum 
o*10'® 
per  ml 

Error  | 

Au  taken 

g-io'V 

ml 

Wave  ht. 
mm  of 

scale*  * 

Au  found, 

g-io-V 

ml 

Error 

abs. 

rel.  °]o 

abs. 

rel.,  <70 

4,3 

5,2 

4,04* 

—0,26 

—6 

16,2 

20,3 

16,0* 

-0.2 

-1,2 

4.3 

5.5 

4,2* 

—0,1 

-2,3 

21,5 

27,7 

22,2 

+  0,7 

+3,3 

6,0 

8,8 

6,3* 

40.3 

+5 

21,5 

27,6 

21,7 

4  0.2 

+0.9 

8,6 

10,6 

8,43 

—0,17 

—2 

22,4 

28 

22,4 

0.0 

0.0 

10,3 

13 

10.3 

0,0 

0.0 

22,4 

27,9 

22,3* 

-0,1 

-0.4 

12,0 

14,8 

11,87 

-0,13 

-1,1 

25,8 

32,5 

25,8 

0.0 

0,0 

14,6 

18 

14,7* 

+  0,1 

+0.7 

26,7 

33,8 

27,26* 

+0,56 

+2,1 

16,2 

20,5 

16,2 

0,0 

0,0 

*  Determined  by  the  method  of  additions. 

*  *  Mean  of  three  determinations. 
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Unknown  amounts  of  gold  were  determined  by  means  of  a  calibration  curve  niul  also  by  the  method  of 
additions.  Results  of  such  determinations  are  given  in  the  Table. 

The  method  which  has  been  developed  for  tiie  polarographic  determination  of  gold  by  means  of  a  rotating 
microdisc  electrode  is  characterized  by  a  fully  satisfactory  reproducibility  with  an  average  accuracy  of  k  2^o, 

In  conclusion  we  should  like  to  thank  Yu.  S.  Lyallkov  for  his  interest  in  the  work. 

SUMMARY 

Conditions  for  the  polarographic  determination  of  gold  solutions  by  means  of  a  solid  platinum  microdisc 
rotating  electrode  have  been  studied. 

It  has  been  established  that  gold  from  chloroauric  acid  gives  a  clearly  defined  pol/irogram  in  various  support¬ 
ing  electrolytes;  the  wave  is  a  result  of  the  reduction  of  Au^^^  to  Au®;  polarographic  determinations  can  be  carried 
out  without  resorting  to  preliminary  removal  of  dissolved  oxygen. 

There  is  a  linear  relation  between  gold  concentration  and  the  diffusion  current  over  the  gold  concentration 
range  of  2  x  10"^  to  3  x  10"®  M/liter. 

Within  the  concentration  range  indicated,  unknown  amounts  of  gold  can  be  determined  either  by  means  of 
a  calibration  curve,  or  by  the  method  of  additions,  with  an  accuracy  of  about  ±  2-3‘yo. 
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AMPEROMETRIC  TITRATION  OF  MAGNESIUM 
WITH  AMMONIUM  FERROCYANIDE 

V.  M.  Babenyshev  and  A.  I.  Blesnova 
The  V.  V,  Kuibyshev  Industrial  Institute  —  Kuibyshev 

Ferrocyanides  are  widely  used  as  reagents  for  the  quantitative  determination  of  many  metals.  For  example, 
the  classical  ferrocyanide  method  of  titrating  zinc  by  means  of  an  external  indicator  [1],  or  potentiometrically 
[2]  is  well  known.  Ferricyanides  can  be  reduced  on  a  platinum  electrode,  while  fenocyanides  are  oxidized.  Am- 
perometric  methods  have  been  developed  for  the  determination  of  nickel  [3],  potassium  [4],  copper  [5,  6],  cal¬ 
cium  [7j,  zinc  [8-14],  thallium  [15],  cadmium  [8],  fluorine  [16],  manganese  [17],  and  lead  [8],  by  means  of 
ferrocyanides.  The  mechanism  of  the  reactions  between  potassium  ferrocyanide  with  calcium  and  magnesium 
salts  has  been  clarified  [25].  However,  far  from  all  the  reactions  with  ferrocyanides  have  been  studied,  particu¬ 
larly  from  the  point  of  view  of  using  them  for  amperometric  titration.  Worthy  of  attention  is  the  reaction  which 
proceeds  according  to  the  following  equation  [18]: 

Mg2+  +  (NH4)4  [Fe  (CN)el  -  Mg  (^)a  [Fe  (CNle]  +  2NH+. 
white  crystalline  precipitate 

The  necessity  of  studying  this  reaction  arose,  in  particular,  from  the  fact  that  at  present  there  are  only 
two  known  methods  for  the  amperometric  determination  of  magnesium;  by  means  of  8-hydroxyquinoline  [19,20], 
and  by  means  of  the  dye  pontachrome  violet  SW  [21].  The  indicator  electrode  used  in  these  methods  is  the  drop¬ 
ping  mercury  electrode,  and  this  electrode,  as  is  well  known,  is  not  as  convenient  as  a  platinum  electrode. 


TABLE  1 

pH  Limits  for  the  Titration  of  Magnesium  with  Ammonium  Ferrocyanide 


pH 

Equivalence  point  in  terms  of 

ml  of  ammonium  ferrocyanide  solution 

2 

No  reaction 

3 

No  reaction 

4 

No  reaction 

5 

No  reaction  or  proceeds  very  slowly 

6 

3.42 

7 

3.44 

8 

3,43 

9 

3.43 

Accordingly,  one  of  our  problems  was  to  establish  the  possibility  of  carrying  out  an  amperometric  determination 
of  magnesium  on  a  setup  containing  a  rotating  platinum  microelectrode,  ammonium  ferrocyanide  being  used  as 
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the  reagent.  The  diffusion  current  arising  from  the  anodic  oxidation  of  ferrocyanide  is  particularly  convenient 
for  amperometric  titration.  The  normal  potential  of  the  system  ferro-ferricyanide  equals  +  0.36  v.  Other  authors 
give  different  values;  e.  g.,  Latimer  [22]  gives  a  value  of  +0.48  v.  The  titration  potential  should  be  chosen 
with  respect  to  the  medium  in  which  the  titration  is  to  be  carried  out.  The  reaction  which,  we  have  chosen  for 
study  proceeds  in  an  ammoniacal  medium. 

From  published  results  [23],  it  is  known  that  in  a  supporting  electrolyte  of  ammonium  chloride,  the  diffu¬ 
sion  current  for  potassium  ferrocyanide  starts  at  0.8  v  relative  to  a  mercury- iodide  reference  electrode.  This 

TABLE  2 


Determination  of  Magnesium 


Mg  taken, 
mg_ 

Mg  found,  Absolute 
mg  error,  mg 

Relative 
error,  *7o 

Mg  take 
mg 

II  Mg  founc 
mg 

,Absolute 
error,  mg 

Relative 

error, 

5,92 

5,87  —0,05 

0,84 

3,57 

3,5 

—0,07 

1,96 

5,84  —0,08 

1,35 

3,5 

—0,07 

1,96 

5,84  —0,08 

1,35 

2,38 

2,38 

d  0 

0,0 

4.76 

4,09  —0,07 

1,47 

2,33 

—0,05 

2,5 

4,68  —0,08 

1,68 

potential  corresponds  to  +0.54  v  relative  to  the  saturated  calomel  electrode.  In  our  case  the  potential  was  +  0,3— 
0,4  V.  Application  of  an  external  emf  of  0.7  v  ensured  a  diffusion  current  for  the  oxidation  of  ferrocyanide. 


EXPERIMENTAL 

Amperometric  titration  was  carried  out  on  the  usual  setup  using  a  rotating  platinum  electrode  8  mm  long 
and  0.5  mm  in  diameter  fused  into  a  glass  tube  with  a  bent  tip.  The  tatter  ensured  that  the  solution  was  well 
stirred.  The  electrode  was  rotated  at  a  rate  of  700  rpm  by  means  of  a  motor.  The  cathode  was  a  saturated  calo¬ 
mel  electrode  connected  to  the  titration  cell  via  an  agar-agar  bridge.  A  galvanometer  with  a  sensitivity  of  2.6  X 
X  10"®  amp/scale  division  was  used  for  measuring  the  current.  A  voltage  of  0.7  v  was  applied  to  the  electrodes 
from  a  storage  battery.  It  was  regulated  by  means  of  a  plug  rheostat  and  controlled  by  means  of  a  voltmeter. 

Ammonium  ferrocyanide  was  prepared  from  pure  potassium  ferrocyanide.  By  the  action  of  concentrated 
hydrochloric  acid  on  the  potassium  salt,  ferrocyanic  acid  was  precipitated.  On  passing  dry  ammonia  through  an 
alcoholic  solution  of  this  acid,  white  crystals  of  ammonium  ferrocyanide  were  deposited,  llie  concentration  of 
the  ferrocyanide  was  established  by  titration  [24]. 

The  Mga2  titrated  was  0.01  M.  The  concentration  of  the  magnesium  chloride  solution  was  established 
gravimetrically,  and  also  by  titration  with  Complexon  III  in  the  presence  of  eriochrome  black  ET-00, 

Preliminary  experiments  on  the  titration  of  magnesium  chloride  with  ammonium  ferrocyanide  showed  that 
in  aqueous  solution  a  precipitate  of  the  ferrocyanide  of  magnesium  and  ammonium  is  not  obtained.  Accordingly, 
It  was  found  necessary  to  resort  to  aqueous-alcoholic  solutions,  and  to  carry  out  a  number  of  experiments  In  order 
to  establish  the  optimum  alcohol  content  of  the  solution.  It  was  found  that  for  an  alcohol  content  less  than  50*70 
by  volume,  the  precipitate  formed  very  slowly.  On  increasing  the  alcohol  content  to  75*70,  a  sharp  drop  In  the 
diffusion  current  of  the  ferrocyanide  is  observed.  Taking  all  these  factors  into  account,  all  subsequent  titrations 
were  carried  out  at  an  alcohol  content  of  50*7o  by  volume  of  the  solution. 

Titration  Procedure.  To  a  measured  volume  of  MgClj  solution  contained  in  a  100  ml  beaker  was  added 
25  ml  of  96*70  ethanol,  and  the  volume  adjusted  to  50  ml.  The  magnesium  was  titrated  with  a  solution  of  am¬ 
monium  ferrocyanide  measured  out  from  a  5  ml  microburet.  Titration  of  0,01  M  magnesium  chloride  with  O.IM 
ammonium  ferrocyanide  showed  that  it  is  possible  to  determine  magnesium  quantitatively  by  this  method. 

During  titration  It  was  observed  that  there  is  a  satisfactory  linear  relation  between  the. volumes  of  magne¬ 
sium  chloride  taken  for  titration  and  the  amounts  of  ammonium  ferrocyanide  used  in  the  titration;  the  reproduci¬ 
bility  of  the  experimental  results  was  also  good. 


The  titration  curve  had  the  shape  of  two  lines  meeting  at  an  obtuse  angle. 

Effect  of  pH  of  the  Solution  on  the  Titration  Results.  The  potential  of  the  ferri-ferrocyanlde  electrode  de¬ 
pends  on  hydrogen  ion  concentration  [2].  The  oxidizing  capacity  Increases  with  Increasing  acidity  of  the  solution. 

In  order  to  establish  the  pH  range  within  which  the  reaction  of  the  formation  of  the  ferrocyanide  of  mag¬ 
nesium  and  ammonium  can  be  used  for  quantitative  amperometric  determination  of  magnesium,  equal  amounts 
of  magnesium  chloride  solution  were  titrated  at  various  pH  values  (Table  1).  Theoretically,  3.48  ml  of  0.1  M 
ferrocyanide  is  required  to  titrate  the  amount  of  magnesium  (6.8  mg)  taken. 

The  results  obtained  showed  that  amperometric  titration  of  magnesium  with  ammonium  ferrocyanide  can 
be  carried  out  at  a  pH  of  6-9. 


TABLE  3 

Determination  of  Magnesium  in  the  Presence  of  Impurities  (5.8  mg  Mg  taken) 


Taken 

metal 

mg 

Ratio  metalt 
Mg  (by  wt.)  1 

Mg  found, 
mg 

Absolute 
error,  mg 

Relative 

error,  mg 

Sodi  um 

86,25 

14,8 

4,68 

—  1,12 

19,13 

57,5 

9,91 

5,5 

—0,3 

15,17 

28,75 

4,95 

5,7 

—0,1 

1,72 

17,25 

2,97 

5,73 

—0,07 

1,2 

11,5 

1,98 

5,75 

—0,05 

0,86 

Potassium 

585 

100,8 

6,3 

+0,5 

8,62 

390 

67,24 

6.2 

+  0,4 

6,9 

195 

33,62 

6,2 

4-0,4 

6,9 

Aluminum 

7.5 

1,29 

5,74 

—0,06 

1,03 

0,75 

0,13 

5,77 

—0,03 

1,51 

Manganese 

9 

0,3 

0.1 

0,05 

0,017 

6,0 

5,8 

+  0,2 
±0 

3,44 

0,0 

0,03 

0,005 

5,79 

—0,01 

0,17 

Zinc 

0,18 

0,03 

5,8 

+0 

0,0 

0,018 

0,003 

5,76 

—0,04 

0,69 

Copper 

0,03 

0,005 

5,75 

—0,05 

0,86 

Iron 

0,05 

0,008 

5,75 

—0,05 

0,86 

Beryllium 

0,11 

0,025 

5,73 

—0,07 

1.2 

0,014 

0,0025 

5,74 

—0,06 

1 ,03 

n 

0,(K)14 

0,(K)025 

5,73 

—0,07 

1.2 

It  Is  clear  from  Table  2  that  with  decreasing  magnesium  concentration  the  accuracy  of  Its  determination 
also  decreases,  but  does  not  exceed  27o.  In  all  cases  the  error  is  on  the  negative  side.  This  can  be  explained  by 
the  fact  that  at  the  end  the  precipitation  of  magnesium  proceeds  very  slowly.  Accordingly,  the  reagent  added 
at  the  titration  endpoint  remains  for  a  long  time  in  excess  and  changes  the  electrode  potential  before  the  equiva¬ 
lence  point  is  reached. 

Determination  of  Magnesium  in  the  Presence  of  Other  Elements.  Next,  experiments  were  carried  out  on 
the  determination  of  the  same  amount  of  magnesium  in  solutions  containing  sodium,  potassium,  barium,  alumi¬ 
num,  manganese,  zinc,  copper,  iron,  and  beryllium  salts  (Table  3). 

Excess  of  the  alkali  metals  leads  to  large  errors.  Aluminum,  even  in  large  amounts,  does  not  interfere 
with  magnesium  determination.  Beryllium  does  not  Interfere  either.  The  presence  of  ions  which  are  precipita¬ 
ted  by  ferrocyanide  -  Fe*'*’,  Cu*'*’,  Mn*^,  Zn*'*'—  Interferes  with  magnesium  determination.  However,  In  the  pres¬ 
ence  of  small  amounts  of  these  ions  the  error  does  not  increase;  it  even  decreases  to  some  extent.  This  latter 
fact  can  be  explained  by  the  fact  that  part  of  the  ferrocyanide  Is  used  up  for  precipitation,  and  accordingly  the 
negative  error  decreases  as  compared  with  that  observed  in  the  experimental  results  for  the  determination  of  mag¬ 
nesium  in  pure  solutions. 

Thus,  in  the  presence  of  aluminum,  manganese,  zinc,  copper,  iron,  and  beryllium,  even  in  amounts  which 
are  greater  than  those  that  are  usual  for  magnesium  alloys,  magnesium  can  be  titrated  with  a  sufficient  degree  of 
accuracy. 
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For  determination  of  magnesium  in  alloys,  0.15-0.17  g  of  the  latter  is  dissolved  in  5  ml  of  HQ  (1 : 1)  in 
a  50  ml  beaker.  The  solution  is  transferred  to  250-ml  standard  flask  and  its  volume  made  up  to  the  mark  with 
distilled  water.  An  amount  of  10  ml  of  the  solution  obtained  is  transferred  to  a  100-ml  beaker  and  25  ml  of  96*70 
ethanol  added.  The  volume  is  made  up  to  50  ml  and  the  solution  titrated  at  a  pH  of  7-8  with  ammonium  ferro- 
cyanide. 


TABLE  4 

Determination  of  Magnesium  in  Alloys 


Mg  found, 

Absolute 

Relative 

amperometric  complexono- 
Imetrlc 

deviation, 

deviation,  % 

90,7;  9().3  97,4 

-0,7:  —1,1 

—0,71;— 1,12 

89,83;  89,54  90,(5 

—0,77;— 1,00 

—0,85;— 1,17 

97,(J;  97,0  97,4 

—0,4;  —0,4 

-0,41;- 0,41 

Results  for  the  determination  of  magnesium  in  a  few  samples  of  magnesium  alloys  when  carried  out  by  the 
suggested  method  and  by  a  complexonometric  method  are  given  in  Table  4. 

SUMMARY 

Conditions  have  been  established  for  the  amperometric  titration  of  magnesium  in  solutions  of  its  pure  salts, 
and  in  the  presence  of  other  elements,  in  which  a  rotating  platinum  electrode  is  used  and  the  titrant  is  ammonium 
ferrocyanide. 
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A  RAPID  PHOTOMETRIC  METHOD  FOR  THE  DETERMINATION 
OF  TOTAL  RARE  EARTHS 

A.  F.  Kutelnikov  and  G.  A.  Lanskol 


Until  recently  the  main  methods  for  determination  of  the  total  rare  earths  in  ores  have  been  gravimetric 
ones  [1,  2],  There  are  no  satisfactory  photometric  methods  for  the  determination  of  small  amounts  of  these  ele¬ 
ments.  The  color  reactions  of  the  rare  earths  with  aluminum  [3],  murexide  [4],  pyrogallol  [5],  etc.,  are  only 
used  for  detection  of  these  elements.  Our  attention  was  drawn  to  the  reagent  arsenazo  [6]  suggested  by  V.  I. 
Kuznetsov  for  detection  of  the  rare  earths.  This  reagent  has  been  used  for  the  quantitative  determination  of  total 
rare  earths. 


Arsenazo  gives  a  color  reaction  with  many  metals  [6,  7].  The  rare  earths,  scandium,  and  yttrium,  in  a 
neutral  medium  give  violet-colored  solutions  with  arsenazo.  Under  these  conditions  color  reactions  are  also 

given  by  uranium  (VI),  copper  (II),  aluminum, 
thorium,  vanadium  (IV),  zirconium,  gallium,  in¬ 
dium,  palladium  (II)  and  iron  (III).  Solutions  of 
b  the  reagent  itself  in  acid  and  neutral  media  have 

an  orange  color  (Xrnax  500  mp),  while  in  alkali 
media  the  color  is  violet  ( X-max  ^^0  mp). 

/  We  have  made  a  study  of  the  properties  of 

the  reagent  arsenazo  and  its  compound  with  certain 
-  075  elements  which  occur  in  mineral  raw  material  [7]. 

The  reagent  arsenazo  behaves  in  solution  as 
a  sexibasic  acid  HgP,  two  hydrogens  of  which  dis¬ 
sociate  from  the  molecule  in  acid  solutions  (K^  is 
"  approximately  1,  Kj  =  5  x  lO”*  —  this  refers  to  the 

dissociation  of  hydrogen  ions  from  the  sulfo  group);, 

Snn..  .n  . - TTOT, — ^  the  next  two  hydrogen  ions  dissociate  from  the  arsono 

•WOZO  00  so  80  500  20  00  so  so  500  ZO  00  so  so  700  ^  °  A  a 

mp  group  (K3  =  3.2  X  10"  and  K4  =  3  x  10"  ),  and  the 

last  two  hydrogen  ions  dissociate  in  the  alkaline  re - 

Fig.  1.  Absorption  curves  for  mixtures  of  2  x  10  M  ,  ,  \  °  ^  „  10  j 

,  X  XU,  w  ,  X  r  u  X  gion  from  the  hydroxy  group  (K5  =  4.9  x  10"*”  and 

arsenazo  solution  with  1  x  10  M  solutions  of  the  ni-  f  «  .  j 

,  ,  ^  ,  .  Kg  =  2.9  X  10  ").  The  dissociation  is  connected 

trates  of  the  rare  earths  at  a  pH  of  6.5:  Cuvette  length  ....  ,  . 

«  u,  I  ,  X  jx  X,,  j  ,,  ,  X  with  the  color  change  in  solution. 

10.0  mm;  blank  solution  —  distilled  water:  1)  Solution  ° 

of  arsenazo  with  yttrium;  2)  with  lanthanum;  3)  with  The  reactions  of  the  rare  earths  were  studied 

neodymium,  4)  with  praseodymium;  5)  with  a  mix-  spectrophotometrically  using  SF-4  and  SF-2M  spec- 

ture  of  the  nitrates  of  lanthanum,  samarium,  neodym-  trophotometers.  The  pH  was  controlled  with  a  pH 

ium,  praseodymium,  gadolinium,  and  dysprosium;  6)  meter  using  a  glass  electrode. 

with  cerium;  curves  a  and  b)  transmission  curves  for  u  u  x  ,  ,  r 

,  .......  .  ,  .  ,  .  The  similarity  of  the  chemical  properties  of 

the  liquid  filters  made  from  a  mixture  of  potassium  ,  ,  „  /  . 

.  ,  ,/•  ,  X  the  rare  earths  allows  one  to  assume  that  the  proper- 

dlchromate  and  copper  sulfate  solutions.  ,  ,  ,  ,  . 

ties  of  their  compounds  with  arsenazo  will  coincide 

to  a  considerable  extent.  Solutions  of  the  nitrates 

of  trivalent  cerium,  lanthanum,  praseodymium,  neodymium,  and  yttrium  were  prepared  for  these  studies,  and  ab¬ 
sorption  curves  of  the  solutions  of  these  ions  with  arsenazo  were  taken  at  various  pH  values,  and  for  various  ratios 
of  the  reacting  ions. 
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As  Is  evident  from  Fig.  1,  the  absorption  curves  of  the  compounds  formed  between  these  Ions  and  arsenazo 
are  very  similar  to  each  other;  the  maximum  varies  within  the  limits  540-560  mp. 

A  study  of  the  relation  of  the  optical  densities  of  the  solutions  of  the  complexes  to  the  pH  showed  that  they 
start  to  form  at  pH  2.5-3.0.  The  optical  density  of  the  solutions  then  Increases  up  to  a  pH  of  5.5-6.5,  after  which 
it  remains  constant  In  the  pH  range  7.0-9.0.  Further  Increases  in  the  pH  lead  to  the  formation  of  the  alkali  form 


Fig.  2.  Determination  of  the  ratio  of  metal:  reagents  In  the  complex  compounds 
of  arsenazo  with  the  rare  earths  at  pH  7.0  (acetate  buffer  solution),  reagent  con¬ 
centration  of  2  X  10“®  mole;  wavelength  600  mp  .  The  last  point  on  the  dotted 
line  corresponds  to  a  tenfold  excess  of  the  metal  with  respect  to  reagent.  The 
metal:  reagent  ratio  is  plotted  along  the  abscissa. 


of  arsenazo  which  has  a  violet  color  in  solution;  solutions  of  the  compounds  of  the  rare  earths  have  approximate¬ 
ly  the  same  color.  The  pH  range  6.0-7.5  may  be  regarded  as  the  optimum. 

The  molar  extinction  coefficients  were  determined  by  the  saturation  method  at  the  wavelengths  which  are 
most  convenient  for  the  practical  use  of  these  reactions  (580  and  600  mp ): 

For  the  compound  of  cerium  with  arsenazo 

€  =  2.4  X  10^  for  580,  €  =  1.4  X  10^  for  600  mp ; 

for  the  compound  of  lanthanum 

€  =  2.35  X  10^  for  580,  €  =  1.35  X  l(f  for  600  mp  ; 

for  the  compound  of  neodymium 

€  =  2.5  X  10^  for  580,  e  =  1.5  X  10^  for  600  mp  ; 

for  the  compound  of  praseodymium 

€  =  2.45  X  10^  for  580  €  =  1.45  X  10^  for  600  mp ; 

for  the  compound  of  yttrium 

€  =  2.25  X  10^  for  580,  €  =  1.35  X  10^  for  600  mp  . 

Experiments  in  which  the  concentration  of  one  ion  was  varied  while  the  concentration  of  the  other  was 
kept  constant  [8]  showed  that  reagent  ions  and  element  ions  form  a  compound  in  which  they  are  in  the  molar 
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ratio  of  1 : 1  (Fig.  2).  An  analysis  of  the  curves  expressing  the  relation  between  formation  of  the  colored  compound 
and  pH  by  calculating  the  bilogarithmic  relation  between  the  logarithm  gjjjj  where  [Me]  is  the 

t*^®Jfree 

concentration  of  the  ions  of  one  of  the  elements  in  the  complex  compound  and  in  the  free  state  [8],  showed  that 
all  the  reactions  are  of  the  same  type,  i.  e.,  one  hydrogen  atom  is  split  off  for  one  complex  ion  of  the  colored 
compound  (Fig.  3).  The  equilibrium  was  studied  at  a  pH  of  3.0-6. 0,  i.e.,  under  conditions  which  ensure  only  in¬ 
significant  hydrolysis  of  the  ions  of  the  rare  earths  (pKhydrolysis  s  value  of  8.5-10  for  the  rare  earths).  Ac¬ 
cordingly,  the  reaction  indicated  can  be  explained  by  substitution  of  one  hydrogen  ion  by  a  metal  ion  in  the  re¬ 
agent  molecule.  In  this  case  the  equation  of  the  reaction  of  an  ion  of  a  rare  earth  element  with  a  reagent  ion 
will  have  the  following  general  form: 


(H  x  —  )  +  H+, 

C,-C  C.-C  C 


'eq-  (Cl  —  C)  (Co  -  C) 


where  C  is  the  concentration  of  the  colored  complex. 

The  values  of  the  equilibrium  constant  for  the  reactions  which  proceed  according  to  this  equation  are  ap¬ 
proximately  equal  to  each  other  for  all  the  rare  earths.  Thus,  the  calculated  equilibrium  constants  for  the  form¬ 
ation  of  the  complex  compounds  of  a  series  of  elements  with  arsenazo  proved  to  be  the  samej  for  lanthanum  1.2; 
for  cerium  1.6;  for  praseodymium  1.6;  for  neodymium  1.5;  and  foryttrium  1.8. 

From  the  expression  for  the  equilibrium  constant  of  the  general  equation  of  the  reaction  one  can  see  that 
j.  Kdissoc 

•^equilibrium  “  where  is  the  instability  constant  of  the  complex,  while  is  the  dissocia¬ 

tion  constant  of  the  reagent,  as  a  result  of  which  the  hydrogen  ion  which  is  replaced  by  a  metal  ion  splits  off. 

The  ions  of  the  rare  earths  replace  the  hydrogen  in  the  arsenazo,  and  the  hydrogen  splits  off  in  an  alkaline  med¬ 
ium  (the  dissociation  equation  is  characterized  by  the  constant  4,9  x  10"^®).  This  is  substantiated  by  the  fact  that 

the  breakdown  of  the  colored  complexes  occurs  in  a 
0  y  fairly  alkaline  medium  (pH  >  9.0).  The  questions  of 

0,6 r  equilibrium  and  stability  of  arsenazo  complexes 

have  been  studied  in  more  detail  earlier  [9],  From 

’  //  this  it  is  easy  to  calculate  the  values  of  the  instability 

nu-  //  ..  4.9x10"^° 

’  U  Tot.r.e.  constants  of  the  colored  complexes  - * 

03-  ^equilibrium 

arsenazo,  the  instability  constant  has  a  value  of 
Jw  ^  10"^®;  while  for  the  cerium  compound  it  is 

ni  3.1  X  10"*®,  for  neodymium  3.3  X  10"*®,  for  praseo- 

dymium  3,1  x  lO"*®,  and  for  the  yttrium  compound 
"4  ^ - fjH  2.7  X  10-*®. 

Construction  of  a  calibration  curve  for  determin- 
[..£  ing  the  sum  of  the  elements  of  the  cerium  group  can 

[MelpQjjjpigx  ^  carried  out  either  on  the  basis  of  mixtures  of  the 

log  -  salts  of  these  elements  or  on  the  basis  of  any  one  indi- 

vidual  salt.  It  is  most  convenient  for  this  purpose  to 

Fig.  3.  Relation  between  the  optical  density  of  mix-  use  the  nitrate  of  trivalent  cerium,  in  view  of  Itsavail- 

tures  of  solutions  of  arsenazo  with  the  rare  earths  and  ability  and  in  view  of  the  possibility  of  checking  the 

the  pH  at  580  mp  ,  cuvette  length  10.0  mm;  blank  cerium  concentration  oxidimetrically  or  photometrically 

solution-distilled  water.  Arsenazo  concentration  is  (peroxide  method). 

3.2  X  lO"®  M;  lanthanum  and  yttrium  concentration 

3  X  10-'  Mi  cerium .  neodymium .  praseodymium .  Described  below  Is  a  technique  for  the  colorl- 

and  total  tare  earths  concentration  x  W'  M;  determination  of  the  total  rate  earths  of  the 

determination  of  the  order  of  the  relation  between  “  ‘he  basis  of  a  calibration  curve  con- 

rwa^i  .  structed  with  the  aid  of  the  nitrate  of  trivalent  cerium. 


[Melcomplex 


Fig.  3.  Relation  between  the  optical  density  of  mix¬ 
tures  of  solutions  of  arsenazo  with  the  rare  earths  and 
the  pH  at  580  mp  ,  cuvette  length  10.0  mm;  blank 
solution-distilled  water.  Arsenazo  concentration  is 


3.2  X  lO"®  M;  lanthanum  and  yttrium  concentration 
3  X  10"®  M;  cerium,  neodymium,  praseodymium, 
and  total  rare  earths  concentration  1.5  x  10"®  M; 
determination  of  the  order  of  the  relation  between 
,  [MeiomElSX  pH. 
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The  curve  was  constructed  as  follows:  An  amount  ranging  from  0.010  to  0.250  mg  of  cerium,  in  the  form 
of  a  neutral  standard  solution,  at  intervals  of  0.02  mg,  was  introduced  into  25  ml  standard  flasks;  5-10  drops  of 
20T^o  urotroplne  was  added  to  each  flask,  followed  by  2  ml  of  O.V’jo  arsenzao  solution.  The  volume  was  made  up 
to  the  mark  with  water  and  the  solutions  thoroughly  mixed;  the  optical  density  was  then  measured  on  a  photo¬ 
colorimeter  using  liquid  light- filters,*  water  being  used  as  the  reference  (blank)  solution.  Altering  the  order  in 
which  the  reagents  are  added  has  no  effect  on  the  path  followed  by  the  calibration  curve. 


1  •  10  ^  M  solution  I’lD”**  M  solution 

Fig.  4.  The  nature  of  the  scatter  in  the  cali-  Fig.  5.  Calibration  curves  constructed  with 

bration  curves  for  various  rare  earths,  con-  a  F^K-M  photocolorimeter  using  a  10  mm 

structed  on  a  SF-4  spectrophotometer  at  a  cuvette  and  liquid  filters  a  and  b;  middle 

wavelength  of  580  mp  and  using  a  10  mm  lines-curves  for  determining  total  rare  earths, 

cuvette. 

In  order  to  determine  total  rare  earths,  their  oxides,  obtained  after  calcining  the  oxalates,  or  their 
sulfates  —  after  evaporation  of  the  fluorides  with  sulfuric  acid  —  were  dissolved  in  the  minimum  amount  of  hydro¬ 
chloric  acid  (sometimes  it  is  necessary  in  order  to  get  more  complete  solution  to  add  hydrogen  peroxide).  The  solu 
tion  was  made  up  to  the  mark  in  a  standard  flask.  An  aliquot  was  pipetted  into  a  25  ml  standard  flask;  it  was 
neutralized  with  urotropine,  and  2  ml  of  O.V’Jo  arsenazo  solution  was  added;  after  the  volume  had  been  made  up 
to  the  mark  with  water,  the  optical  density  was  measured  on  a  FEK-M  photocolorimeter  using  a  liquid  filter.  The 
content  of  the  rare  earths  was  then  determined  from  the  calibration  curve. 

During  the  determination  of  0.015,  0.046,  0.078,  0.155,  and  1.0  mg  of  total  rare  earths,  the  following 
amounts  were  actually  found:  0.014,  0.048,  0.075,  0.160,  and  1.0  mg  respectively. 

The  method  developed  makes  it  possible  to  appreciably  shorten  and  simplify  the  method  of  determining 
the  rare  earths. 

Decomposition  of  samples  and  separation  of  the  rare  earths,  calcium,  and  thorium  from  interfering  ele¬ 
ments  were  carried  out  by  fusion  with  potassium  bifluoride  and  then  washing  the  precipitate  of  the  fluorides  with 
dilute  hydrofluoric  acid.  After  converting  the  fluorides  into  soluble  sulfates  by  heating  them  with  sulfuric  acid 
to  dryness,  and  then  dissolving  the  sulfates,  the  test  solution  is  diluted  with  water  in  a  standard  flask  to  the  mark. 

•  The  following  liquid  light-filters  were  used  for  constructing  the  calibration  curves:  a)  an  8^o  solution  of  potas¬ 
sium  dichromate  and  a  2^o  solution  of  cupric  sulfate;  b)  lO^o  potassium  dichromate  solution  and  V^o  cupric  sulfate 
solution.  A  mixture  of  the  solutions  to  be  used  for  making  the  light  filters  was  poured  into  a  2  cm  cuvette  (for 
light  filter  a)  and  into  a  5  cm  cuvette  (for  light  filter  b).  The  cuvettes  were  set  up  between  the  light  source 
and  the  neutral  filters  of  the  FEK-M  photocolorimeter.  The  transmission  curves  of  the  light-filters  are  shown  In 
Fig.  1.  In  Fig.  5  are  shown  the  calibration  curves  for  solutions  of  the  rare  earths  with  arsenazo  for  the  two  light- 
filters  whose  composition  has  been  described  above.  The  calibration  curves  indicate  a  linear  relation  between 
the  optical  density  of  the  solution  and  the  concentration  of  the  test  element,  and  have  almost  identical  slopes 
for  all  the  rare  earths;  this  confirms  the  possibility  of  a  quantitative  determination  of  total  rare  earths. 


The  rare  earths  were  determined  by  measuring  the  optical  density  of  an  aliquot  of  the  test  solution  with 
arsenazo  at  a  pH  of  6.0-7.0. 

When  the  test  solution  contains  thorium,  the  latter  can  be  determined  at  a  pH  of  1.6- 1.8  at  which  the  rare 
earths  do  not  give  colors;  the  amount  of  the  latter  (at  pH  6.0-7.0)are  determined  b  difference.  In  this  way  it  is 
possible  to  determine  the  rare  earths  In  the  presence  of  20-30  times  their  amount  of  thorium.  The  effect  of  alum-' 
inum  and  iron  (III),  part  of  which  are  precipitated  with  the  fluorides,  can  be  eliminated  by  addition  of  sodium 
sulfosalicylate  (2-3  ml  of  25*70  solution  for  25  ml  test  solution)  and  ascorbic  acid  (0.1-0.2  g  per  100  ml  of  test 
solution). 

A  determination  takes  8-10  hours  instead  of  the  3-4  days  necessary  for  the  gravimetric  method.  Below  are 
given  results  of  the  determination  of  total  rare  earths  in  ores  by  the  gravimetric  oxalate  method  and  by  the  sug¬ 
gested  method;  the  following  values  in  percent  were  found  by  the  gravimetric  oxalate  method:  2.40,  0.20,  0.36, 
0.14,  and  0.08  whereas  the  values  found  photocolorimetrically  were  respectively;  2.38,  0.20,  0.38,  0.16,  and  0.09. 

The  results  obtained  show  that  the  technique  suggested  is  suitable  for  the  rapid  determination  of  total  rare 
earths.* 

It  should  be  noted  that  the  sensitivity  of  the  determination  of  total  rare  earths  in  natural  objects  is  limited, 
both  in  the  gravimetric  method,  and  in  the  suggested  colorimetric  method,  by  the  appreciable  solubility  of  the 
oxalates  of  these  elements. 


SUMMARY 

Compounds  of  the  rare  earths  and  certain  other  elements  with  arsenazo  have  been  studied.  The  spectral 
characteristics  of  solutions  of  these  compounds  have  been  studied.  The  spectral  characteristics  of  solutions  of 
these  compounds  have  been  studied,  and  the  values  of  the  molar  extinction  coefficients  of  the  complexes  and 
the  equilibrium  constants  of  the  reactions  for  the  formation  of  these  complexes  have  been  established.  It  has 
also  been  established  that  the  sensitivity  of  the  reaction  of  the  rare  earths  with  arsenazo,  the  stability  of  the  com¬ 
pounds  formed,  and  their  absorption  curves  are  similar  to  each  other. 

✓ 

A  technique  is  suggested  for  constructing  calibration  curves  for  determination  of  the  rare  earths  on  a  FEK-M 
photocolorimeter  with  liquid  light  filters.  A  method  has  been  developed  for  the  photometric  determination  of 
total  rare  earths  in  natural  objects. 
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QUANTITATIVE  DETERMINATION  OF  YTTERBIUM 
IN  THE  PRESENCE  OF  LARGE  AMOUNTS  OF  ERBIUM 
BY  OSCILLOGRAPHIC  POLAROGRAPHY 

Ya.  P.  Gokhshtein  and  G.  A.  Kutyreva 

The  V.  I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry, 
Acad.  Aci.  USSR,  Moscow 


The  method  mainly  used  for  the  analysis  of  mixtures  of  the  rare  earths  is  the  x-ray  spectrographic  method, 
which  permits  determination  of  up  to  0.1*^  of  a  rare  earth  element  with  an  error  not  greater  than  ±  W’lo  [l].Sever- 
al  papers  have  been  devoted  to  the  spectrophotometric  determination  of  these  elements:  Vickery  [2]  studied  the 
absorption  spectra  of  Pr,  Nd,  Sm,  Gd,  Dy,  Yb,  and  Er.  In  particular,  a  spectral  method  permits  determination  of 
up  to  0.05<7o  Yb  in  a  mixture  of  the  rare  earths  widi  an  error  not  greater  than  ±  10*^  [3]. 

Recently,  papers  have  appeared  on  the  determination  of  die  rare  earths,  and,  in  particular,  of  more  than  5*7o 
ytterbium  in  the  presence  of  elements  of  the  yttrium  subgroup,  by  a  polarographic  method;  Laitinen  and  Taebel 

[4]  have  studied  its  reduction  in  0.1  N  NH4CI  and 
found  a  halfwave  potential  -  0.415  i  0.003  v 
with  respect  to  the  saturated  calomel  element.  Re¬ 
duction  only  proceeds  as  far  as  the  divalent  state;  a 
second  wave  caused  by  reduction  of  Yb^*^  is  not  ob¬ 
served  in  this  medium.  Laitinen  [5]  has  shown  that 
ytterbium  is  reduced  reversibly  on  a  dropping  mer¬ 
cury  cathode.  Holleck  [6]  has  determined  up  to  O.l^^o 
Yb  in  a  mixture  of  the  rare  earths.  However,  the  sen¬ 
sitivity  of  the  method  is  appreciably  reduced  when 
erbium  and  thulium  are  present  in  the  mixtures. 

Barton  and  Kurbatov  [7]  have  studied  the  rela¬ 
tion  of  the  diffusion  current  of  ytterbium  to  the  nature 
of  the  supportii^  electrolyte,  and  the  relation  of  this 
current  to  the  pH.  Using  ammonium  chloride  and 
lithium  chloride  as  the  supporting  electrolyte,  they 
found  that  the  diffusion  current  is  independent  of  the 
pH  in  the  pH  range  3.5-6.0.  In  0.1  N  LiQ  the  authors 
also  observed  a  wave  for  the  reduction  of  divalent 
ytterbium  to  the  metal,  with  a  halfwave  potential 
of  2.00-2.07  V. 

In  the  work  described  here  reduction  of  ytterbium  on  a  dropping  mercury  cathode  in  the  presence  of  large 
amounts  of  erbium  was  studied.  The  current  was  measured  on  an  oscillographic  polarograph  of  the  GEOKhI  type 
and  on  a  Heyrovsky-type  recording  polarograph.  The  electrolyzer  used  had  a  volume  of  3  ml.  The  reference 
electrode  was  a  saturated  calomel  element.  The  solutions  of  ytterbium  and  erbium  were  prepared  from  the  spec- 
trographically  pure  oxides  and  from  twice  distilled  hydrochloric  acid.  The  supporting  electrolyte  -  0.1  N  NH4Q  - 
was  prepared  from  the  recrystallized  salt.  A  pH  of  4  was  established  by  addition  of  ammonia  and  was  controlled 
by  means  of  a  pH  meter  fitted  with  a  glass  electrode. 


Fig.  1.  Oscillogram  of  Yb*'*'  in  the  absence  of  (1),  and 
in  the  presence  of  (2)  large  amounts  of  erbium;  single 
sweep  with  a  lag  of  1.15  sec  after  the  drop  has  broken 
off.  U==  -1.00  V,  U~=0.744  V. 
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At  concentrations  greater  than  25  y/mU  ytterbium  gave  clearly  defined  waves  on  the  Heyrovsky  polarograph. 
However,  determination  of  ytterbium  became  impossible  as  soon  as  a  small  amount  of  erbium  was  added  to  these 
solutions.  Addition  of  erbium  favors  a  sharp  increase  in  the  current  at  a  potential  close  to  the  halfwave  potential 

</>  j,  of  ytterbium.  In  order  to  overcome  this  difficulty  we  adopted  oscillographic  polarograph  [8]. 

72 


Fig.  2.  Oscillogram  of  Yb*"*^  in  the  presence  of  large  Fig.  3.  Oscillogram  of  Yb*'*'  in  the  presence  of  1  mg 

amounts  of  erbium  in  0.1  N  NH4a  and  at  a  pH  of4;  Er/ml  in  0.1  N  NH4a  at  pH  4;  single  sweep  with  a 

single  sweep  with  a  lag  of  1.15  sec  after  the  drop  lag  of  1.15  sec  after  the  drop  has  broken  off. 

has  broken  off  U=  =  -1.0  v,  U  ~  =  0.744  v.  U=  =  -1.0  v,  =  0.744  v. 


An  oscillographic  polarograph  permits  ready  determinationofthe  degree  ofreversibility  of  electrode  processes. 
For  this  purpose  use  is  made  of  the  difference  between  the  peak  and  halfpeak  v’p/  potentials,  which  for  revers¬ 
ible  processes  is  of  the  form: 


0.057 

^p/2  n 


while  for  irreversible  processes  it  is  of  the  form 


V2“^P 


0,048 

net 


(la) 


(lb) 


Here,  £  is  the  number  of  electrons  participating  in  the  reaction;  a  is  the  transport  coefficient.  The  relation  (lb) 
is  fulfilled  at  a  <  1.  By  studying  the  cathodic  waves  of  Yb*"*^  it  was  found  that  its  reduction  to  the  divalent  state 
is  reversible  on  a  dropping  mercury  cathode.  The  difference  between  (fp^  and  </>p  was  found  to  be  0.055  v  which  is 
close  to  the  theoretical  value.  In  the  presence  of  large  amounts  of  erbium  the  process  becomes  less  reversible, 
as  is  evident  from  the  two  oscillograms  of  ytterbium  in  Fig.  1.  Curve  1  was  obtained  during  cathodic  polariza¬ 
tion  and  for  one  sweep  in  0.1  N  NH4a,  containing  25  y  Yb*'‘'/ml;  the  highest  sweep  potential  exceeded  the  reduc¬ 
tion  potential  of  ytterbium  and  was  equal  to  1.744  v.  The  oscillogram  in  Fig.  2  was  taken  under  the  same  condi¬ 
tions,  but  in  this  case  the  solution  contained  25  mg  Er/ml,  i.  e.,  in  an  amount  1000  times  that  of  the  ytterbium. 

In  both  cases  the  vtterbium  waves  are  equally  well  expressed,  but  the  slope  of  the  wave  is  less,  and  the  peak  is 
absent  on  the  second  oscillogram. 

In  the  oscillogram  in  Fig.  2,  a  comparison  is  made  of  the  current  of  the  supporting  electrolyte  0.1  N  NH4a  + 
+  25  mg  Er/ml  (Curve  1)  and  the  current  of  the  supporting  electrolyte  containing  25  y  ytterbium/tnl  (Curve  2). 

For  average  amounts  of  erbium,  when  its  concentration  is  10-200  times  that  of  ytterbium,  the  current  and  the  con¬ 
centration  of  the  latter  are  directly  proportional;  this  follows  from  a  comparison  of  the  curve  in  Fig.  3,  which 
corresponds  to  10  y  Yb’Vnil  and  1  mg  Er/ml,  with  the  lower  curve  in  Fig.  1  which  was  taken  for  the  case  of 
25  y  Yb*Vml  in  the  absence  of  erbium.  Despite  the  presence  of  erbium  in  the  first  case,  the  ratio  of  the  peak 
heights  remains  the  same  as  if  the  erbium  content  in  both  cases  were  equal. 
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In  order  to  compare  the  cathodic  and  anodic  waves  of  ytterbium  in  0.1  N  Nn4Cl,  experiments  were  carried 
out  to  study  the  effect  of  the  rate  of  change  of  potential  v  on  for  ytterbium.  A  single  sweep  was  applied  to 
the  electrolytic  cell,  with  a  lag  of  2.5  seconds  after  the  drop  had  broken  off.  The  results  are  shown  graphically 

in  Fig.  4.  Curve  1  was  obtained  during  cathodic  polarization, 
while  Curve  2  was  obtained  during  anodic  polarization.  A 
comparison  shows  that  the  maximum  currents  coincide  in 
both  types  of  polarization  for  a  rate  of  potential  change  of 
1.56  v/sec.  With  an  increasing  rate  of  potential  change  the 
cathodic  wave  increases  more  rapidly  than  the  anodic  wave, 
and  at  a  rate  of  20.3  v/sec  exceeds  the  latter  by  58^o.  The 
lag  of  the  anodic  process  with  respect  to  the  current  is  coupled 
with  the  undesirable  effect  of  the  background  current  on  the 
anodic  peak  of  ytterbium,  the  height  of  which  changes  strong¬ 
ly  for  an  insignificant  change  In  the  erbium  content  of  the 
solution.  Different  "current-potential"  curves  correspond  to 
the  same  ytterbium  concentration  (Fig.  5).  One  of  these 
curves  corresponds  to  a  content  of  1.3  mg  Er/ml  in  solution 
Fig.  4.  Effect  of  the  rate  of  potential  change  while  the  other  corresponds  to  a  content  of  3.0  mg  Er/ml. 

on  Imax  of  ytterbium  at  25*;  100  y  Yb*'*^/ml  During  cathodic  polarization,  the  background  has  almost  no 

in  0.1  N  NH4a,  pH  =  4.  1)  Cathodic  polari-  effect  on  the  ytterbium  current.  This  means  that  cathodic 

zation  at  U_  =  -1.0  v  and  =  0.744  v;  2)  polarization  is  more  convenient  for  analytical  purposes  than 

anodic  polarization  at  U=  =  1,744  v  and  =  anodic  polarization.  All  the  results  given  below  were  ob- 
=  0.744  V.  tained  during  cathodic  polarization  and  for  one  sweep.  It 

has  also  been  established  that  dissolved  oxygen  has  no  effect 
on  the  maximum  current  of  ytterbium. 


It  was  pointed  out  above  that  for  a  ratio  of  erbium  to  ytterbium  concentration  of  the  order  of  a  few  hundred, 
the  ytterbium  current  is  directly  proportional  to  its  concentration.  Since,  at  higher  ratios  (of  the  order  of  thousands) 
there  is  deviation  from  linearity,  it  is  expedient  to  consider  both  groups  of  ratios  separately.  Given  in  Table  1  is 

the  relation  between  the  maximum  current  of  ytterbium  and  Its 
concentration  when  the  amount  of  erbium  present  is  20  to  400  times 


that  of  the  ytterbium. 


At  ratios  of  Er/Yb  greater  than  400  and  for  higher  lags  In  the 
impulse,  the  deviation  from  linearity  becomes  perceptible.  'Fhey 
are  caused  by  long  accumulation  of  side  reaction  products  near 
the  electrode  surface.  Cutting  down  the  lag  eliminates  this  cause 
and  enables  one  to  reestablish  proportionality.  Table  2  contains 
results  for  higher  ratios  of  Er/Yb.  The  lag  in  tlie  impulse  was 
small  in  these  experiments  (1.15  sec).  A  change  in  the  lag,  and 


Fig.  5,  Anodic  curves  "current-poten¬ 
tial"  for  10  y  Yb/ml  In  the  presence  of 
various  concentrations  of  erbium:  1) 

1.3  mg  Er/ml;  2)  3.0  mg  Er/ml.  U=  = 

=  - 1.744  V  and  U~  =  0,744  v;  single 
sweep  with  a  lag  of  2.5  seconds  after 
the  drop  has  broken  off. 


consequently,  in  the  surface  of  the  drop  leads  to  a  change  in  cur¬ 
rent.  Since  the  simplest  method  of  determining  ytterbium  concen¬ 
tration  in  this  instance  is  a  calculation  based  on  additions,  the  value 
of  the  electrode  surface  is  not  required.  However,  if  for  some  other 
reasons  it  is  required,  a  switch  over  from  one  lag  to  another  is  ac¬ 
companied  by  a  correction  for  the  distortion  of  the  spherical  shape 
of  the  drop.  For  apparatus  with  a  discrete  change  in  the  lag  this 
distortion  is  the  same  for  most  solutions  and  can  be  determined  once 


for  each  of  its  values. 


Experimental  procedure.  An  amount  equal  to  200-700  mg  of  ErjO^  containing  ytterbium  as  an  impurity  is 
dissolved  in  5  ml  of  concentrated  hydrochloric  acid.  The  solution  is  evaporated  on  a  sand  bath  almost  to  dryness; 
the  residue  is  dissolved  in  distilled  water  and  the  solution  transferred  into  a  10-20  ml  standard  flask.  By  adding 
a  few  drops  of  concentrated  ammonia  and  a  solution  of  ammonium  chloride,  the  concentration  of  the  latter  is 
established  at  0.1  N,  while  the  pH  is  4. 
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TABLE  1 


The  Reaction  between  the  Value  of  In, ax  Concentration  of 

the  Latter  In  0.1  N  NH4CI,  at  a  pH  of  4  In  the  Presence  of  Erbium  (single 
sweep;  v  =  4.8  v/sec;  lag  after  drop  has  broken  off  5.15  sec) 


Yb  concentration, 
y/ml 

Er  concentration, 
mg/ml 

Er/Yb 

i 

Ijj^ax*  rolcroamp. 

2.5 

1.0 

400 

0.28 

5.0 

1.0 

200 

0.60 

10.0 

1.0 

100 

1.16 

10.0 

1.2 

120 

1.20 

10.0 

2.7 

270 

1.17 

25.0 

1.0 

40 

2.80 

50.0 

1.0 

20 

5.54 

TABLE  2 

The  Relation  between  the  Value  of  Imax  for  Yb*'*’  and  the 
Concentration  of  the  Latter  In  0.1  N  NH4CI,  at  a  pH  of  4 
In  the  Presence  of  Erbium  (lag  after  a  drop  has  broken  off 
0.15  seconds) 


Yb  concen- 

w 

Er  concentra¬ 
tion,  mg/ml 

Er/Yb 

Polarization 
rate,  sec 

fmax* 

microamp 

10 

5,0 

500 

2,45 

0,26 

10 

5,0 

500 

4,80 

0,37 

9,50 

0,57 

20,30 

0,65 

10 

10,0 

1000 

2,45 

0,26 

4,80 

0,36 

9,50 

0,59 

10 

15,0 

1500 

2,45 

0,26 

4,80 

0,35 

9,50 

0,57 

20,30 

0,71 

10 

25,0 

2500 

2,45 

0,25 

4,80 

0,35 

9,50 

0,54 

20 

15,0 

750 

2,45 

0,49 

4,80 

0,75 

9,50 

1,06 

20,30 

1,46 

20 

25,0 

1250 

2,45 

0,48 

4,80 

0,72 

9,50 

0,98 

20,30 

1,40 

30 

25,0 

833 

2,45 

0,81 

4,80 

1,09 

9,50 

1,65 

An  amount  equal  to  1  ml  of  this  test  solution  Is  Introduced  Into  the  electrolyzer,  a  constant  voltage  (-1.0  v) 
is  applied  to  the  cell  together  with  a  single  sweep  with  a  known  amplitude  (about  0.8  v),  the  time  lag  being 
about  1  second.  The  oscillograms  of  the  supporting  electrolyte,  the  test  solution,  and  the  solution  to  which  addi¬ 
tions  have  been  made  are  taken  from  the  screen  onto  tracing  cloth,  after  which,  using  a  published  method  [9], 
the  currents  are  determined,  and  the  ytterbium  concentration  calculated. 
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Our  interest  is  the  de termination  of  less  than  O.l^yo  Yb  in  erbium  samples,  for  which  the  accuracy  of  the 
x-ray  spectrographic  method  drops  sharply,  and  amounts  to  50^o;  results  of  both  methods  ate  compared  in  Table  3. 


TABLE  3 

Polarographic  and  X-Ray  Spectrographic  Analysis  of  Erbium  Samples 


Ytterbium  found,  *70 

Deviation, 

by  oscillographic 
polarography 

by  x-ray 
spectrography 

0.25 

0.23 

+  8.7 

0.095 

0.15 

-36.7 

0.020 

Not  detected 

- 

Not  detected 

tf  N 

- 

The  results  given  in  Table  3  show  that  during  determination  of  traces  of  ytterbium  in  erbium,  the  sensitiv 
ity  of  oscillographic  polarography  is  almost  one  order  higher  than  that  of  the  x-ray  spectrographic  method,  al¬ 
though  the  experimental  error  does  not  exceed  11*70.  For  Yb  contents  greater  than  O.l'T'o  good  agreement  is  ob¬ 
served  between  the  results  of  both  methods. 

Oscillographic  polarography  is  also  suitable  for  the  determination  of  ytterbium  in  samples  containing  a 
large  amount  of  yttrium  earths. 


SUMMARY 

Determination  of  ytterbium  is  not  possible  in  the  presence  of  erbium  when  an  ordinary  polarograph  is  used. 
A  method  has  been  developed  for  the  quantitative  determination  of  Yb*^  in  erbium  samples  by  means  of  oscillo¬ 
graphic  polarography.  When  traces  of  ytterbium  are  determined  the  sensitivity  of  the  method  is  almost  an  order 
higher  than  the  sensitivity  of  x-ray  spectrographic  analysis;  the  accuracy  of  the  determination  is  ll^.  At  a  con¬ 
centration  of  Yb*"*^  higher  than  O.V’Jo  the  results  obtained  by  both  methods  are  in  good  agreement. 
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THE  PHOTOMETRIC  DETERMINATION  OF  TIN 

T.  N.  Nazarchuk 

Institute  of  General  and  Inorganic  Chemistry,  Acad.  Sci. 
Ukrainian  SSR,  Kiev 


Quercetin,  hematoxylin,  and  stilbazo  can  be  used  for  the  photometric  determination  of  microamounts  of 
tin  [1].  Hematoxylin  has  been  used  as  a  reagent  for  the  determination  of  tin  by  Tartakovskii,  Chariot,  Teicher, 
and  Gordon  [2,  3,  4].  Determination  of  tin  with  hematoxylin  is  possible  in  an  acid  medium  [2].  The  sensitivity 
of  the  method  amounts  to  500-700  pg  in  50  ml  of  solution.  Solutions  of  the  complex  compound  of  tin  with  hema¬ 
toxylin  do  not  conform  to  the  Lambert-Beer  law  [4],  Photometric  determination  of  tin  with  quercetin  is  carried 
out  in  a  solution  with  an  acidity  of  0.2  N  [5].  The  composition  of  the  compound  of  tin  with  quercetin  corresponds 
to  the  ratio  Sn:  quercetin  =3:2  [5].  Recently  a  paper  has  been  published  on  the  photometric  determination  of 
tin  in  steel  and  in  iron  metal  [6j  at  a  pH  of  3.0-3.3  by  means  of  quinalizarin.  The  Lambert-Beer  law  is  obeyed. 
Tin  is  removed  from  iron  by  coprecipitation  with  manganese  dioxide.  The  precipitate  of  MnO^  is  dissolved  in 
a  mixture  of  hydrochloric  acid  and  H^C\. 

In  the  present  article  some  examples  are  given  of  the  photometric  determination  of  tin  by  means  of  querce¬ 
tin,  hematoxylin,  and  stilbazo.  Detailed  spectral  characteristics  of  the  complex  compounds  of  tin  with  the  re¬ 
agents  indicated  have  been  published  previously  [1]. 

Determination  of  Tin  in  Nickel  Metal  by  Means  of  Quercetin.  The  permissible  tin  content  of  nickel  Marks 
N-O  and  N-1  is  0.0003-0.001*70.  According  to  GOST-634-56,  the  tin  content  of  samples  of  nickel  of  these  marks 
should  be  determined  by  iodometric  titration  using  a  sample  of  25  g.  When  the  tin  content  is  10"*-10“Vo,  such 
determination  exhibits  poor  reproducibility.  Moreover,  the  determination  must  be  carried  out  on  large  aliquots 
which  is  not  always  convenient  and  possible.  For  the  quantitative  determination  of  tin  in  nickel  Marks  N-O  and 
N-1,  we  have  used  a  colorimetric  method  based  on  formation  of  the  lemon-yellow  colored  compound  of  tin  with 
quercetin. 

The  compound  of  tetravalent  tin  with  quercetin  is  extracted  from  the  aqueous  phase  with  a  1 : 1  mixture 
of  isoamyl  alcohol  and  ether.  Free  quercetin  is  also  extracted  by  this  solvent,  but  the  color  of  its  extracts  is  con¬ 
siderably  weaker  than  the  color  of  the  extracts  of  the  quercetin-tin  complex. 

When  the  quercetin  concentration  of  the  aqueous  phase  is  5  X  10  *  mole,  the  organic  solvent  layer  is  color¬ 
less.  The  sensitivity  of  the  reaction  of  quadrivalent  tin  with  quercetin  is  1  y  of  tin  in  25  ml  of  the  aqueous  phase 
when  extraction  is  used.  Extraction  of  the  complex  compound  of  tin  with  quercetin  is  particularly  effective  when 
it  is  used  for  determination  of  tin  in  metals  whose  salts  form  intensely  colored  solutions  (nickel  and  chromium). 

During  these  determinations  of  tin,  the  elements  which  interfere  most  are  antimony  and  iron.  Many  other 
elements  such  as  Hg,  Ag,  As,  Al,  and  Bi  do  not  interfere  with  the  determination  of  tin  by  means  of  quercetin. 
Interference  from  iron  can  be  avoided  by  reducing  the  iron  with  thiourea;  antimony  does  not  interfere  with  tin 
determination  if  the  antimony  content  does  not  exceed  20  y  in  the  sample. 

The  nickel  we  used  for  our  tests  was  nickel  which  had  been  purified  for  special  purposes. 

Tin  was  determined  in  nickel  metal  as  follows.  An  amount  equaling  1  g  of  nickel  was  dissolved  in  hydro¬ 
chloric  acid.  A  proportion  of  1 : 1  nitric  acid  was  added  dropwise  to  accelerate  the  dissolution.  After  the  sample 
had  dissolved,  the  solution  was  evaporated  to  a  volume  of  5-10  ml;  5-6  ml  of  a  saturated  solution  of  thiourea  was 
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added,  and  the  solution  was  neutralized  with  4*70  sodium  hydroxide  until  a  permanent  turbidity  was  obtained.  To 
the  solution  was  added  a  drop  of  1  N  hydrochloric  acid,  1  ml  of  a  10“*  M  alcoholic  solution  of  quercetin,  and 
acetate  buffer  solution  with  a  pH  of  4-5  until  the  volume  reached  25  ml.  The  mixture  was  allowed  to  stand  for 
5  minutes  and  then  was  transferred  to  a  separating  funnel.  Then,  5  ml  of  a  mixture  of  isoamyl  alcohol  and  ether 
was  added  to  the  contents  of  the  funnel  and  the  whole  thoroughly  shaken.  After  the  two  layers  had  separated  out 
and  the  water  layer  had  been  removed,  the  color  of  the  organic  solvent  layer  was  compared  with  that  of  a  series 
of  standard  solutions  prepared  in  the  same  way.  Less  than  1  y  of  tin  was  found  in  1  g  of  the  test  nickel.  In 
order  to  check  on  the  method,  a  series  of  determinations  was  carried  out  in  which  known  amounts  of  tin  were 
added  to  this  same  sample  of  nickel.  The  results  obtained  are  given  in  Table  1. 


TABLE  1 


Weight  of 
nickel 
taken,  g 

Tin 

added, y 

Tin  found: 

Relative 

error 

Weight  of 
nickel 
taken,  g 

Tin 

added, y 

Tin  found: 

Relative 

error 

r 

<70 

7 

*7o 

0.8 

- 

1 

0 

1 

0.8 

3 

4.0 

5.0*10“'* 

+  7 

0.8 

- 

1 

1  2  •  10"'* 

0.8 

6 

6 

7.5*10“'* 

-11 

1.6 

- 

1.5 

10-'* 

0.8 

2 

2.5 

3.1*10““* 

-  9 

0.8 

4 

4.5 

5.6*10“'* 

“5 

1.6 

4 

5 

3.1-10“'* 

-  9 

Sample  weights  of  1  g  are  sufficient  for  determination  of  tin  in  nickel  when  the  tin  content  is  of  the  order 
of  10”^*7o.  When  the  tin  content  is  higher,  the  weight  of  sample  taken  can  be  reduced  accordingly.  The  experi¬ 
mental  error  is  fully  permissible  for  the  determination  of  such  small  amounts.  The  method  is  simple  to  carry  out, 
does  not  require  large  amounts  of  sample,  and  does  not  take  very  long;  a  determination  can  be  carried  out  in 
1.5-2  hr. 

Determination  of  Tin  in  WO^  by  Means  of  Stilbazo.  Quadrivalent  tin  forms  an  orange-colored  compound 
with  stilbazo  [7].  On  the  basis  of  this  reaction,  we  have  developed  a  photometric  method  for  the  determination 
of  tin  in  tungsten-nickel,  in  molybdenum-nickel  alloys,  and  in  WO^. 

Stilbazo  forms  colored  compounds  with  many  elements  including  iron,  aluminum,  copper.etc.  Removal  of 
tin  from  the  other  components  of  the  alloy  was  effected  by  distilling  it  as  its  bromide  according  to  an  accepted 
method  [8]. 

Concentration  of  tin  in  the  distillate  was  effected  by  coprecipitating  tin  with  copper  sulfide.  Copreclpita- 
tlon  of  tin  with  copper  sulfide  is  used  for  the  determination  of  tin  in  nickel-based  alloys  [8]. 

Tin  was  determined  in  WO^  as  follows.  About  2.5  g  of  WO^  was  dissolved  in  8  ml  of  30*70  sodium  hydroxide 
on  heating.  After  the  WO3  had  dissolved,  60  ml  of  30*7o  tartaric  acid  and  0.15  ml  of  cupric  nitrate  containing 
100  mg  of  copper/ml  were  added  to  the  solution.  The  pH  of  the  solution  obtained  was  adjusted  to  2  using  indi¬ 
cator  paper;  the  solution  was  heated  almost  to  the  boil  and  hydrogen  sulfide  passed  for  20  minutes  through  the  hot 
solution.  The  precipitated  sulfides  were  filtered  off,  and  washed  with  hydrogen  sulfide  water;  cupric  nitrate  solu¬ 
tion  was  added  to  the  filtrate  and  the  precipitation  repeated. 

Experiments  showed  that  if  the  sulfides  are  not  precipitated  the  second  time,  the  loss  of  tin  amounts  to  ap¬ 
proximately  30*7°  of  the  total  tin. 

The  sulfide  precipitate  on  the  filter  was  treated  with  5-6  ml  of  hot  1  M  sodium  hydroxide.  The  same  por¬ 
tion  of  solution  was  passed  through  the  precipitate  of  the  sulfides  7-10  times.  During  this  process  some  of  the 
copper  dissolves  but  the  extraction  of  tin  from  the  precipitate  is  complete.  A  saturated  solution  of  thiourea  was 
used  for  complexing  the  copper  as  a  colorless  complex.  A  quantity  equaling  0.5  ml  of  a  0.05*9^  aqueous  solution 
of  stilbazo  was  added  to  the  final  solution;  excess  alkali  was  neutralized  with  dilute  hydrochloric  acid  until  the 
color  of  the  solution  changed  from  red  to  orange;  buffer  solution  with  pH  5  was  then  added  to  bring  the  volume  up 
to  the  requisite  value. 
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TABLE  2 


Saitiple  No. 

Tin 

added, y 

Total  tin 
found ,  y 

Relative 
error,  °lo 

1 

— 

12 

1 

5 

16 

-  6 

1 

8 

18 

-10 

2 

- 

11 

- 

2 

15 

24 

-  7 

The  color  of  the  solutions  obtained  was  compared 
with  that  of  standard  solutions  containing  5-20  y  of  tin 
In  a  25-ml  solution. 

Determination  of  tin  In  various  samples  of  WO^ 
was  checked  by  the  suggested  method.  The  accuracy  of 
the  method  was  checked  by  the  method  of  additions.  The 
results  obtained  are  given  In  Table  2. 

Tin  was  also  determined  In  three  samples  of  WO^ 
by  this  method;  the  tin  being  also  determined  spectro- 
graphlcally  as  a  control.  The  results  of  these  determina¬ 
tions  are  given  In  Table  3. 


The  experimental  error  for  the  determination  of  tin  by  means  of  stllbazo  does  not  exceed  the  error  normally 
permissible  In  colorimetric  determinations. 

Determinations  of  tin  In  W-Nl  alloys  by  means  of  stllbazo  Is  possible  for  tin  contents  of  the  order  of 
using  sample  aliquots  of  about  2  g. 


Determination  of  Tin  In  Bronze  by  Means  of  Hematoxylin.  For  determination  of  tin  In  bronze  we  used  a 
method  based  on  formation  of  a  violet-colored  compound  between  quadrivalent  tin  and  hematoxylin. 

Determination  of  tin  In  a  standard  sample  of  bronze  68-a  was  carried  out  by  the  following  technique. 


acid. 


A  quantity  equaling  2  g  of  bronze  was  dissolved  In  nitric  acid  containing  a  small  amount  of  hydrochloric 
After  the  aliquot  had  dissolved  completely,  and  the  nitrogen  oxides  had  been  removed  by  boiling,  the  vol¬ 
ume  of  the  solution  was  made  up  to  100  ml;  this  solution  was  neutralized 
with  sodium  hydroxide  solution  until  a  turbidity  was  obtained  which  dissolved 
on  addition  of  a  few  drops  of  acid;  tin  was  then  precipitated  with  manganese 
dioxide.  Copreclpltatlon  of  tin  with  manganese  dioxide  was  carried  out 
twice.  The  manganese  dioxide  was  dissolved  in  the  minimum  possible 
amount  of  hot  1 : 2  hydrochloric  acid.  An  aliquot  of  this  solution,  containing 
about  10  y  of  tin,  was  transferred  to  a  colorimeter  tube;  formalin  was  added 
to  reduce  elemental  chlorine,  and  the  solution  was  neutralized  with  sodium 
hydroxide  solution  until  a  turbidity  was  obtained  which  was  dissolved  on  drop- 
wise  addition  of  1  N  hydrochloric  acid.  To  the  solution  obtained  wad  added 
2  ml  of  a  saturated  solution  of  thiourea,  and  0.5  ml  of  10~’  M  hematoxylin 
solution,  and  a  buffer  solution  with  a  pH  of  4  or  3  added  to  bring  the  volume 
up  to  a  definite  value  (15-20  ml).  After  10  minutes  the  light  absorption  of 

the  solution  was  measured  on  a  FM-1  photometer  using  a  No.  4  llght-fllter. 

ySn 


Calibration  curve  for  determi¬ 
nation  of  tin  by  means  of 
hematoxylin. 


The  calibration  curve  for  determination  of  tin  by  means  of  hematoxylin 
Is  shown  in  the  diagram. 

This  technique  can  be  recommended  for  the  determination  of  tin  at 
levels  of  10"®-10"'‘ “/o. 


TABLE  3 


Sample  No. 

Tin  found,  ^0 

photometrically 

spe  ctrographlcally 

1 

1 

O 

»H 

CO 

O 

• 

CO 

2 

5  *  10“* 

5 • 10"* 

3 

4 • lO"* 

1 

o 

• 
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For  determination  of  tin  of  the  order  of  10“*^o  In  bronze,  the  technique  for  determining  tin  can  be  timpll- 
fled  considerably.  An  amount  of  0.05-0.1  g  of  bronze  Is  dissolved  In  the  minimum  amount  of  nitric  acid  (1:1)  | 

containing  HQ,  and  the  solution  evaporated  to  a  small  volume.  The  solution  obtained  Is  transferred  to  a  colori¬ 
meter  tube  In  which  It  Is  neutralized  with  alkali  until  the  color  of  the  solution  changes  from  bright-blue  to  a 
greenish-blue;  2  ml  of  a  saturated  solution  of  thiourea  Is  then  added  to  complex  the  copper;  this  is  followed  by  | 

0.5  ml  of  hematoxylin  solution,  and  buffer  solution  Is  finally  added  to  bring  the  volume  up  to  15  ml.  For  bronze  | 


TABLE  4 


Tin  found  In  2  g  samples 

Tin  found  on  0.05  g  samples 

Specified  tin  content 

by  precipitation  with 

without  preliminary  separa- 

MnO^ ,  7o 

tlon,  7o 

0.0370 

0.029;  0.031;  0.029 

0.032;  0.032;  0.031 

mark  AMZh,  a  buffer  solution  with  a  pH  of  3  should  be  used.  After  standing  for  10  minutes,  the  optical  density 
is  measured  on  a  FM-1  photometer  using  a  No.  4  light-fllter. 

Determination  of  tin  In  bronze  68-  a  was  carried  out  by  the  two  variants  of  the  technique  suggested.  The 
results  obtained  are  given  In  Table  4. 


SUMMARY 

Methods  have  been  developed  for  the  photometric  determination  of  tin  In  nickel  metal  marks  N-0  and  N-1, 
In  WO^,  and  In  bronze,  using  quercetin,  stilbazo,  and  hematoxylin.  It  has  been  shown  that  these  reagents  can  be 
used  for  the  determination  of  microamounts  of  tin. 
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SEPARATION  OF  NIOBIUM  AND  TANTALUM  BY  LIQUID  EXTRACTION 
D,  I.  Ryabchlkov  and  M,  P.  Volynets 

The  V.  I.  Vernadskii  Institute  of  Geochemistry  and  Analytical  Chemistry, 

Acad.  Sci.  USSR,  Moscow 


The  current  methods  for  the  separation  of  niobium  and  tantalum  suffer  serious  disadvantages,  the  chief  of 
which  are  the  complexity  and  duration  of  time  taken  to  carry  out  such  methods.  The  time  taken  is  connected 
with  the  necessity  of  repeated  operations,  as  In  the  classical  method  of  Marignac  [1]  for  example.  The  most 
widely  used  methods  are  the  method  of  fractional  precipitation  with  tannin  in  an  oxalate  medium  [2,  3j,  the  hypo- 
phosphite  [4]  and  iodate  [5]  methods,  precipitation  with  phenylarsonic  acid  [6,  7],  and  also  chromatographic  sep¬ 
aration  [8-12].  Recently,  the  extraction  method  of  separating  these  elements  which  is  characterized  by  high  se¬ 
lectivity,  simplicity,  and  the  short  time  required  has  attracted  attention.  A  number  of  papers  have  been  published 
on  this  question  [13-25].  In  our  work  we  have  considered  the  extraction  of  the  fluoride  complexes  of  niobium  and 

tantalum  with  tributylphosphate  (TBP),  which  permits  separation  of  these 
elements  at  fairly  low  concentrations  of  hydrofluoric  acid.  The  problem 
we  tried  to  solve  was  to  develop  analytical  and  preparative  methods  of 
separating  these  elements  using  a  continuous  counterflow  extraction  column. 

The  work  described  here  consisted  of  two  stages: 

1.  The  choice  of  the  optimum  conditions  for  separating  niobium 
and  tantalum  under  static  conditions;  and  checking  the  method  developed 
by  analyzing  binary  tantalum-niobium  alloys. 

2.  Separating  mixtures  of  niobium  and  tantalum  in  a  continuous 
countercurrent  extraction  column. 

The  efficiency  of  separation  was  followed  by  means  of  the  radioactive 
isotopes  Nb*  and  Ta^®. 

The  completeness  of  separation  of  a  mixture  of  materials  is  determined 
by  the  difference  in  their  partition  coefficients  K,  which  depend  on  the  com¬ 
position  of  the  aqueous  and  organic  phases,  on  temperature,  etc. 

In  order  to  choose  the  best  conditions  for  separating  niobium  and 
tantalum,  a  study  was  made  of  the  effect  of  a  number  of  factors  on  the 
extraction  of  the  fluoride  complexes  of  these  elements  with  TBP  (the  work 
was  carried  out  with  synthetic  solutions). 

First  of  all,  it  was  established  how  completely  niobium  and  tantalum  are  extracted  from  a  solution  of  hy¬ 
drofluoric  acid  in  the  absence  of  salting  out  agents  and  other  acids  (in  contrast  to  the  extraction  methods  developed 
earlier  for  these  elements),  and  in  what  way  the  concentration  of  the  hydrofluoric  acid  in  the  original  solution 
affects  completeness  of  extraction. 

As  is  evident  from  Fig.  1,  tantalum  passes  more  completely  into  the  TBP  phase  at  a  considerably  lower  hy¬ 
drofluoric  acid  concentration  than  niobium.  This  means  that  it  is  possible  to  separate  the  elements  from  1  M  HF 
when  using  only  one  extraction.  About  of  the  tantalum  is  extracted  by  TBP,  whereas  almost  all  the  niobum 
remains  in  the  aqueous  phase. 


% 


Fig.  1.  Percentage  extraction 
of  niobium  and  tantalum  from 
hydrofluoric  acid  solutions  by 
means  of  TBP. 
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The  presence  of  HQ  or  H2SO4  In  the  original  solution  essentially  effects  the  partition  coefficient  of  niobium. 
Thus,  from  1  M  HF-1  HQ,  35*70  niobium  is  extracted;  while  from  1  M  HF-1  M  F^S04,  32.5*7o  of  the  niobium  is  ex¬ 
tracted.  Thus,  In  order  to  ensure  the  most  complete  separation  of  niobium  and  tantalum ,  extraction  should  be 
carried  out  in  the  complete  absence  of  HQ  and  H2SO4  in  the  aqueous  phase. 

Since  the  specific  gravity  of  TBP  is  close  to  one,  separation  of  the  layers  during  extraction  is  too  slow.  In 
order  to  overcome  this  drawback  it  is  usual  to  dilute  the  extractant  with  a  lighter,  inert  organic  solvent.  For  this 
purpose  we  used  hydrogenated  kerosene  (a  fraction  boiling  at  200-230").  In  connection  with  the  use  of  such  a 


TABLE  1 


The  Relation  between  Completeness  of  Extraction  of  Ta  and  TBP  Concentration 


TBP  content, 

%  by  volume 

Activity  of  the  solution, 
lmpulses/min«  ml 

Ta  extracted,  % 

before  extraction 

after  extraction 

10 

103 

104 

0 

20 

103 

52 

50 

40 

103 

15 

86 

80 

103 

6 

94 

100 

103 

4 

96 

diluent,  it  was  necessary  to  establish  the  extent  to  which  TBP  could  be  diluted  without  adversely  affecting  its  ex¬ 
tracting  properties.  The  relation  between  the  completeness  of  extraction  of  tantalum  and  the  TBP  concent  of  its 
mixture  with  kerosene  is  shown  in  Table  1. 

It  was  found  that  diluting  the  TBP  with  kerosene  so  that  the  TBP  content  is  BO^o  has  little  effect  on  the  distri¬ 
bution  of  tantalum. 

Increasing  the  temperature  leads  to  a  decrease  in  the  partition  coefficient  of  tantalum  (Table  2).  Accord¬ 
ingly,  all  subsequent  experiments  were  carried  out  at  room  temperature. 

On  the  basis  of  the  experimental  results  obtained,  the  following  parameters  were  chosen  for  the  extraction 
separation  of  the  fluoride  complexes  of  Mb  and  Ta  under  static  conditions:  aqueous  phase  1  M  HF;  extractant  80% 
TBP  and  20%  kerosene  saturated  with  M  HF;  number  of  extractions  2;  phase  ratio  1 :  1^  temperature  20*. 

Initially,  all  the  experiments  were  carried  out  with  pure  solutions  containing  niobium  alone  or  tantalum 
alone.  Subsequently,  using  the  conditions  chosen,  the  experiments  were  checked  with  mixtures  of  these  elements, 
and  it  was  found  that  the  distribution  hardly  changed  at  a^. 

For  analysis  of  binary  tantalum -niobium  alloys  the  following  techniques  were  used.  The  alloy  was  oxidized 
in  a  muffle  at  800-900"  and  an  aliquot  of  the  qulnqueoxldes  (500  mg)  fused  with  potassium  pyrosulfate.  The  melt 
was  leached  with  concentrated  sulfuric  acid.  The  hydroxides  which  were  then  precipitated  from  dilute  solutioa 
were  dried  and  subsequently  dissolved  in  1  M  HF.  Extraction  was  carried  out  twice  (dissolution  of  the  hydroxides 
In  HF,  and  the  extractions  were  carried  out  In  a  polyethylene  vessel).  After  the  layers  had  separated  out,  the  niob¬ 
ium  was  determined  in  the  aqueous  phase  while  tantalum  was  determined  in  the  combined  organic  phase  (after 
reextraction  of  the  tantalum  with  a  4%  solution  of  ammonium  oxalate  +  boric  acid)  by  precipitation  with  phenyl- 
arsonic  acid  or  ammonia  after  evaporation,  till  SO^  fumes  appeared,  of  the  solution  with  1^804,  and  diluting  with 
water.  The  precipitates  were  calcined  to  the  quinqueoxide  and  weighed  as  such. 

Table  3  contains  results  obtained  during  the  determination  of  the  tantalum  content  of  alloys  using  the  ex¬ 
traction  method  as  well  as  other  methods. 

Some  of  the  high  results  given  by  the  extraction  method  can  be  explained  by  the  partial  transfer  of  niobium 
into  the  TBP  phase  (about  2-3%);  this  was  confirmed  by  means  of  the  radioactive  indicator. 
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TABLE  2 

The  Relation  between  and  the  Original  Tantalum  Concentration  and  the  Tempera¬ 
ture 


1 

Original 
Ta  con¬ 
centra¬ 
tion, 
mg/ml 

X-ray  spectro- 
graphic  method 

K- 

Ta 

■ 

Original 
Ta  con¬ 
centra¬ 
tion 
mg/ml 

X-ray  spectro- 
graphic  method 

^Ta 

tannin 

method 

piT(?sphite 

method 

tannin  ' 
method 

hypo- 
phosphi  t€ 
method 

Back 

Back- 

0,1 

925 

ground 

oo 

1 

0,1 

206 

ground 

OO 

0,5 

1530 

45 

32,3 

0,5 

779 

28 

27 

20” 

2 

4055 

575 

6,07 

50  [ 

2 

2958 

468 

4,3 

7653 

4090 

0.87 

I 

4 

5555 

4473 

0,24 

For  work  based  on  the  method  of  continuous  countercurrent  extraction,  a  sectional  packing  column  designed 
by  N.  I.  Gel'perln  was  constructed  from  polyethylene.  The  total  length  of  the  column  was  800  mm;  the  height  of 

the  packed  section  was  575  mm  (5  sections);  the  Internal  diameter  was  40 
mm;  the  output  was  0-200  ml/hr. 

A  schematic  diagram  of  the  operation  of  the  setup  Is  shown  In  Fig.  2; 
from  vessels  fitted  on  the  wall,  the  solutions  flowed  under  gravity  Into  the 
column  (extractant  in  the  lower  part,  and  the  aqueous  phase  In  the  upper 
part  of  the  column).  In  our  experiments  the  ratio  of  the  phases  was  kept  at 
1 ;  1;  the  continuous  phase  consisted  of  SO'T'o  TBP  and  20yo  kerosene.  The 
phases  were  mixed  in  each  of  the  sections  by  means  of  stirrers  fitted  on  a 
shaft  rotated  by  an  electric  motor  at  the  rate  of  250-300  rpm. 

Separation  of  the  layers  in  each  section  occurred  in  the  packed  zones 
consisting  of  spheres  2.5-3  mm  in  diameter.  The  extract  was  removed  from 
the  upper,  and  the  raffinate  from  the  lower  connecting  pipe  of  the  column. 

The  rate  at  which  they  were  removed  corresponded  to  the  amount  of  reagents 
used  up  (about  200  ml/hr.). 

Using  such  a  setup,  extraction  separation  of  synthetic  mixtures  of  niob¬ 
ium  and  tantalum  in  various  proportions  was  carried  out.  Distribution  of  the 
fluoride  complexes  of  niobium  and  tantalum  between  the  organic  and  aqueous 
phases  under  dynamic  conditions  differed  from  the  distribution  under  static 
conditions.  This  made  it  necessary  to  study  the  relation  between  the  com¬ 
pleteness  of  extraction  of  the  metal  and  the  HF  concentration  of  the  original 
solution  under  conditions  of  continuous  countercurrent  extraction.  As  is  evident  from  Table  4  satisfactory  separa¬ 
tion  can  be  achieved  by  this  method. 

It  is  clear  from  Table  4  that  in  order  to  get  niobium  as  free  as  possible  from  tantalum,  extraction  should  be 
carried  out  from  1  M  HF,  since,  in  order  to  get  the  purest  tantalum,  it  is  best  to  work  in  less  acid  media. 

The  purity  of  the  isolated  products  was  checked  by  a  spectral  method  (Table  5). 

k  sectional,  packed  column  permits  one  to  prepared,  after  only  one  passage  through  the  column,  niobium 
with  a  purity  of  99.1-lOOPlo,  for  original  ratios  of  Ta ;  Nb  ranging  from  1 ;  5  to  5 : 1.  The  tantalum  fraction  is 
slightly  contaminated  with  niobium  (>1*70).  Repeated  extraction,  after  reextractlon  and  conversion  into  the  fluor¬ 
ide  complex,  permits-  more  pure  tantalum  to  be  obtained. 

On  the  basis  of  the  experimental  results,  we  have  graphically  calculated  (see  Fig.  3Xthe  efficiency  of  a 
column  during  extraction  of  niobium  and  tantalum  in  1  M  HF  using  807o  TBP.  It  appears  that  the  extraction  of 
tantalum  into  the  organic  phase,  under  the  given  conditions,  corresponds  to  four  theoretical  degrees  of  equilibrium, 
from  which  it  follows  that  the  height  of  the  packed  part  of  the  column,  corresponding  to  one  degree  of  equilibrium 
is  given  by;hp  =  H  =  575  =  144  mm, 
n  4 


Oricinal 
TBP  solution 


Fig.  2.  Schematic  diagram  of 
the  operation  of  the  setup  used 
for  continuous  and  countercur- 
ent  extraction. 
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hn  =  —  =  — —  =  144  mm, 
T  n  4 


where  H  is  the  over-all  height  of  the  packed  layer  and  n  Is  the  number  of  theoretical  plates. 


TABLE  3 


Determination  of  Tantalum  In  Its  Alloys  with  Niobium 


Ta  con¬ 
tent,  % 

Ta  found,  % 

Relative 

x-ray  spec- 

trographlc 

method 

tannin 

method 

hypophos- 

phlte 

method 

chromato¬ 

graphic 

method 

Isotope 

dilution 

method 

B-ray 

reflection 

method 

Extraction 

method 

error  of  the 

extraction 
method,  ^ 

52 

53 

+  1.9 

32 

- 

- 

- 

- 

- 

- 

37 

+  15.6 

40 

29 

25 

40.1 

38 

38 

40 

46 

+  15 

42.5 

- 

48 

41.6 

42.1 

- 

42.5 

46 

+  8.2 

44 

- 

45 

41.9 

43.9 

- 

44 

47 

+  6.8 

50 

52.5 

45 

48.3 

46.3 

- 

- 

50 

0 

23 

- 

- 

- 

- 

- 

26 

+  13 

TABLE  4 


Relation  between  the  Completeness  of  Extraction  of  Nb  and  Ta  on  an  Extraction  Column  and  the 
Original  HF  Concentration 


t^^^orlglnal 

Ta :  Nb  In  the  original  solution 

Extraction, 

^Ta 

^Nb 

Ta 

Nb 

0.1 

1 : 1  (0.2  mg/ml  each) 

90 

1 

~900 

0.25 

1 : 1  (0.5  mg/ml  each) 

94 

4 

~392 

0.5 

1 : 1  (0.5  mg/ml  each) 

99 

20 

~396 

0.5 

1:5  (0.4  mg/ml;  2  mg/ml) 

99 

26 

~283 

0.5 

5 : 1  (2  mg/ml  :  0.4  mg/ml) 

99 

25 

~300 

1.0 

1:1(1  mg/ml  each;  2  mg/ml  each) 

99-100 

25 

~300 

The  extraction  method  of  separating  niobium  and 
tantalum  using  a  sectlonally  packed  column  can  be  success¬ 
fully  applied  both  for  analytical  and  technological  purposes 
Instead  of  long  fractional  mediods. 

SUMMARY 

Using  radloatlve  Indicators  a  study  has  been  made 
of  the  effect  of  the  concentration  of  hydrofluoric  acid  and 
tributylphosphate  (TBP),  temperature,  hydrochloric  and 
sulfuric  acids,  on  the  distribution  of  the  fluoride  complexes 
of  niobium  and  tantalum  between  the  aqueous  phase  and 
the  TBP  phase  during  extraction  under  static  conditions. 

A  method  has  been  developed  for  the  extraction  sepa¬ 
ration  of  niobium  and  tantalum  which  Is  applicable  to  the 
analysis  of  binary  tantalum -niobium  alloys. 


y.  kg/kg 


Fig.  3.  Graphical  determination  of  the  number 
of  theoretical  degrees  of  equilibrium  (1,  2,  3,  4) 
during  extraction  of  tantalum  In  a  sectlonally 
packed  ccdumn. , 
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TABLE  5 


Spectrographic  Characteristics  of  Nb20t  and  Ta20^  after 
Their  Separation  on  a  Column 


[HF] 

Ta:  Nb  In 
the  origi' 
nal  sol. 

Base 

From  which 
phase  ppt  Is 
removed 

Impurity, 

0,1 

1 : 1 

Nb,.05 

Aqueous 

0,05%  Ta 

Ta.Oj 

Organic 

>1%  Nb 

0,25 

1 : 1 

NbjOs 

Aqueous 

0,07%  Ta 

Ta.Os 

Organic 

>1%  Nb 

0,5 

1:1 

NbaOs 

Aqueous 

0,1%  Ta 

Ta^Os 

Organic 

>1%  Nb 

0,5 

1:5 

NboOs 

Aqueous 

0%  Ta 

TanO, 

Organic 

>1%  Nb 

0,5 

5:1 

NboOs 

Aqueous 

0,3%  Ta 

TaoOs 

Organic 

>1%  Nb 

1,0 

1 :  1 

NhoOs 

Aqueous 

0%  Ta 

13203 

Organic 

>1%  Nb 

A  continuous,  sectlonally  packed  extraction  column  has  been  used  for  the  separation  of  mixtures  of  tantal¬ 
um  and  niobium.  It  has  been  shown  that  under  the  conditions  chosen  (hp  of  the  packing  =  144  mm)  niobium  of 
99.7-100^0  purity  can  be  obtained. 
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THE  SPECTROCHEMICAL  DETERMINATION  OF  NIOBIUM  IN  ROCKS 
N.  I.  Tarasevich  and  K.  A.  Semenenko 
M.  V.  Lomonosov  Moscow  State  University 


The  determination  of  small  amounts  of  niobium  and  tantalum  In  natural  objects  Is  a  very  Interesting  and 
pressing  problem,  which  has  not,  as  yet,  found  a  satisfactory  solution.  The  present  article  contains  results  of 
work  on  the  determination  of  small  amounts  of  niobium  (up  to  10“®‘7o)  in  rocks  by  a  spectrochemical  method.  The 
first  part  of  the  work  Is  devoted  to  a  process  for  the  chemical  concentration  of  niobium,  whereas  the  second  is  de¬ 
voted  to  the  clarification  of  a  number  of  problems  connected  with  developing  a  technique  for  spectrographic  deter¬ 
mination. 

The  sensitivity  of  the  direct  spectrographic  determination  of  niobium  amounts  to  0.001°lo  [1,  2J.  For  lower 
niobium  contents,  it  is  necessary  to  carry  out  preliminary  chemical  enrichment.  Milner  [3],  during  chemical  en¬ 
richment  of  granites  for  determination  of  small  amounts  of 
niobium,  used  silicic  acid  and  organic  preeipitants  —  tannin 
and  cinchonine  -  as  a  collector.  We  used  silicic  acid,  which 
proved  very  efficient  both  as  a  collector  and  as  a  carrier 
during  the  spectrographic  determination  of  niobium  after 
chemical  enrichment.  An  aliquot  of  sample  weighing  about 
1  g  was  decomposed  with  a  mixture  of  hydrofluoric  acid  and 
sulfuric  acid  for  complete  removal  of  silicon  dioxide.  The 
residue  was  dissolved  in  dilute  hydrochloric  acid.  To  the  hot 
solution  obtained,  at  a  pH  1,  the  following  were  added;  a  gel 
of  silicic  acid,  a  solution  of  gelatin,  pyrogallol,  and  paper 
pulp.  The  precipitate  was  kept  for  two  to  three  hours  on  a 
water  bath,  and  then  filtered  after  standing  overnight.  The 
precipitate  was  next  calcined,  ground,  and  analyzed  spectro- 
graphically.  Using  this  technique  the  bulk  of  the  iron  and 
aluminum  were  removed.  Tantalum  is  precipitated  together 
with  niobium.  The  isolated  precipitate  of  silicic  acid  also 
contains  titanium,  iron,  and  aluminum  in  amounts  which  do 
not  interfere  with  the  determination  of  niobium. 

The  technique  described  for  isolating  and  enriching 
niobium  has  been  developed  and  checked  on  synthetic  mix¬ 
tures,  which  were  similar  in  their  chemical  composition  to 
the  mean  composition  of  rocks  of  the  granite  type.  Niobium  was  introduced  into  the  synthetic  mixtures  in  the 
form  of  its  oxalate  complex.  Completeness  of  precipitation  from  hydrochloric  solutions  containing  iron,  aluminum, 
titanium,  calcium,  and  magnesium  was  checked  by  a  radiochemical  method. 

In  choosing  the  optimum  conditions  for  the  spectrographic  determination  of  niobium,  attention  was  given 
to  the  choice  of  the  most  sensitive  analytical  lines  of  niobium ,  to  establishing  the  nature  of  the  evaporation  of 
micro  amounts  of  niobium  in  a  carbon  arc  in  the  presence  of  SiO^,  and  to  establishing  the  effect  of  titanium  on 
the  experimental  accuracy. 

As  mentioned  previously,  according  to  the  results  of  Rankama  [1],  and  Ahrens  [2],  the  sensitivity  of  niobium 
determination  is  0.001*70  1^0^.  They  recommended  the  line  Nb  4058.94  as  the  most  sensitive  line.  For  niobium 


Fig.  1.  Change  in  blackening  of  the  lines  of 
niobium  (Nb  3094.18)  and  silicon  (Si 2577.13) 
on  evaporating  a  mixture  of  SiO^  +  NbjO^  in 
a  dc  carbon  arc. 
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TABLE  1 

A  Spectrographic  Determination  of  Niobium  In  Synthetic  Mixtures  after  Enrichment 


Sample 

wt. 

Wt.  of  SiOi 
after  enrich¬ 
ment,  mg 

Nb  introduced 

Nb  found 

Deviation, 

g 

1o 

g 

2 

72,0 

8.910-* 

4,4.10-6 

00 

o 

1 

3,9-10-6 

—1-10-6 

2 

49.3 

9.1U-* 

4,5.10-6 

8.10-6 

4,0-10-6 

— 1-10-6 

1 

G(),l 

1,2- 10-6 

1,2.10-6 

1,3.10-6  ’ 

1,3.10-3 

+  1-10-6 

1 

55,9 

4-in-« 

4.10-6 

4.10-6 

2-10-6 

0-0 

1 

49.1 

4-10-6 

4.10-6 

3,8.10-6 

3,8-10-6 

— 210-’ 

1 

51,9 

1,2.10-6 

1,2.10-6 

1,1. 10-6 

1,1- 10-6 

—1  - 10-’ 

1 

07,7 

8,3. 10-’ 

8,3.10-6 

8,3. 10-’ 

8,3-10-6 

00 

1 

52,1 

8,3.10-’ 

8,3-10-6 

7,9-10-’ 

7,9-10-6 

-4-10-6 

TABLE  2 


A  Spectrographic  Determination  of  Niobium  In  Gneiss  Samples  after  Enrichment 
(sample  weight,  1  g) 


Wt.  of 

Si  a  after 
enrich¬ 
ment.  mg 

Nb  intro¬ 
duced,  g 

Nb  found 

Mean  Nb  content 
of  the  gneiss 

Deviation,  g 

g 

1o 

g 

64,4 

5,3-10-6 

5,3-10-6 

— 2-10-’ 

3.'<,7 

— 

5.4.10-6 

5,4-10-6 

-1-10-’ 

40,1 

— 

5,8-10-6 

5.8-10-* 

5,5-10-6 

5,5-10-6 

+3-10-’ 

43,2 

1,7-10-6 

7,9-10-6 

6.2-10-6 

4  7-10-’ 

32,3 

1,7-10-6 

7,8-10-6 

6,1-10-6 

+6-10-’ 

TABLE  3 


A  Spectrographic  Determination  of  Niobium  In  Blotite  Granite  Samples  after  En¬ 
richment 


Biotite 

granite 

u 

a.  “5 

I J 

Wt.  of 
SiC^  after 
jnrich- 
ment,  mg 

Found 

By  the  isotope 
dilution  method* 

Deviation,  g 

g 

g 

Fine  grain 

Fine  grain 

Average -si zed 
graim 

0,50 

0,50 

0,23 

63.1 
58,8 

54.1 

4,4-10-6 

5,1-10-6 

5,8-10-6 

8,8-10-6 

10,0-10-6 

2,5-10-8 

3,2.10-6 

3,2-10-6 

6,4-10-6 

6,4.10-6 

6.4-10-6 

2,8-10-8 

41,2-10-6 

41,9-10-6 

-6,0-10-’ 

•  Carried  out  by  co-worker  A.  P.  Savostin. 


contents  of  0,01*  and  higher,  Ahrens  suggested  using  the  ultraviolet  part  of  the  niobium  spectrum.  Rusanov  [4] 
gives  different  data  on  the  sensitivity  of  the  niobium  lines  ^  4  x  10“*<7o  and  1  x  10"* for  the  lines  Nb  2927.8 
and  Nb  3163.4,  respectively.  In  the  carbon  arc. 

Since  the  spectral  sensitivity  of  a  determination  depends  on  many  factors.  In  order  to  establish  the  absolute 
spectral  sensitivity  of  the  lines  In  the  ultraviolet  part  of  the  niobium  spectrum  under  the  conditions  we  used,  we 
carried  out  the  following  experiments.  (We  did  not  consider  the  line  Nb  4058.94  which  lies  In  the  region  of  the 
continuous  background  of  the  molecular  spectrum  of  the  cyanide  band). 

Using  a  microburet,  an  oxalate  solution  of  niobium  was  placed  on  the  end  of  a  carbon  electrode,  on  which, 
beforehand,  a  few  drops  of  polystyrene  In  benzene  had  been  placed.  The  whole  was  then  dried  out  and  Ignited  In 
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various  excitation  sources  using  various  operational  conditions,  A  qualitative  evaluation  of  the  niobium  spectrum 
was  made  by  means  of  a  PS- 18  spectroprojector.  In  order  to  exclude  errors  arising  from  Impurities  In  the  elec¬ 
trodes,  the  spectrum  of  an  empty  carbon  electrode  was  photographed,  under  the  niobium  spectrum,  with  the  same 
conditions  present. 

The  absolute  sensitivity  of  the  niobium  lines  differs  when  they  are  excited  In  different  sources.  At  niobium 
contents  of  2  x  10"^  g»the  niobium  line  is  not  observed  when  excitation  is  carried  out  in  a  ac  arc  (DG-1  generator) 
at  a  current  strength  of  13-14  amp,  whereas  in  a  dc  arc  at  a  current  strength  of  8-10  amp  the  following  lines  are 
weakly  observed:  iNb  II  3094,  18,  Nb  II  3163,  40;  Nb  II  3130.79. 

On  the  basis  of  a  limit  of  sensitivity  of  about  2  x  10“^  g  Nb  under  our  conditions,  it  is  possible  to  make  an 
approximate  calculation  of  the  minimum  amount  of  sample  required  for  an  analysis.  This  assumption  was  con¬ 
firmed  by  experimental  results:  the  carrier  —  silicon  dioxide  —  does  not  lower  the  sensitivity  of  niobium  determin¬ 
ation  (the  average  amount  of  SlOjj  taken  for  an  analysis  amounted  to  0.025  g)  under  conditions  of  complete  igni¬ 
tion  of  the  sample,  and  a  minimum  concentration  of  niobium  of  9  x  the  absolute  amount  was  2.5  XvlO”*  *9  x 

X  lO'VlOO  =  2.25  X  10"’  g  Nb,  i.e.,  this  results  agrees  with  the  value  found  for  the  absolute  spectral  sensitivity 
of  niobium. 


Fig.  2.  Calibration  curves  for  the  determination  of  niobium  on  the  basis 
of  the  absolute  blackening  of  the  line  Nb  3094.18:  1)  Using  the  spectro¬ 
graph  ISP-22;  2)  using  the  KS-55  spectrograph  for  0.14  to  0.008*1^  niobium; 
3)  using  the  KS-55  spectrograph  for  0.008  to  0.0009^o  niobium. 


The  base  chosen  for  the  determination  of  niobium  was  pure  silicon  dioxide  which  played  the  role  of  a  car¬ 
rier.  Evaporation  of  silicon  dioxide  from  the  opening  in  a  carbon  electrode  proceeds  comparatively  rapidly  and 
uniformly;  no  fractionation  is  observed;  the  sensitivity  of  niobium  determination  under  these  conditions  is  fairly 
high;  this  also  follows  from  the  work  of  other  authors  [1,4,  5].  The  use  of  silicon  dioxide  as  a  carrier  permits 
the  use  of  the  most  sensitive  line  of  niobium  in  the  ultraviolet  Nb  3094.18. 

All  the  work  was  carried  out  on  synthetically  prepared  mixtures;  to  an  aliquot  of  SIO^  slightly  moistened 
with  distilled  water,  was  added,  by  means  of  a  microburet,  a  standard  oxalate  solution  of  niobium;  the  solution 
was  evaporated  on  a  water  bath  and  the  residue  calcined  first  on  a  sand  bath,  and  then  In  a  muffle.  The  powder 
obtained  was  carefully  ground  in  an  agate  mortar. 

A  dc  arc  was  used  as  the  excitation  source;  this  permits  the  sensitivity  of  the  determination  of  niobium  to 
be  Increased  and  the  exposure  time  to  be  reduced. 
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In  order  to  choose  the  method  of  evaporation  (from  the  anode  or  from  the  cathode),  a  study  was  made  of 
the  distribution  of  the  intensities  of  the  silicon  and  niobium  lines  in  the  arc  zone,  along  its  length;  photographs 
of  the  spectra  were  obtained  by  projecting  a  stigmatic  image  of  the  gas  cloud  on  the  spectrograph  slit.  As  these 
photographs  showed,  the  distribution  of  the  intensities  of  the  silicon  and  niobium  lines  changes  with  time;  at  the 
beginning  of  arc  burning  the  lines  are  strengthened  in  the  lower  part  of  the  spectrurp ;  subsequently,  the  increase 
in  intensity  rapidly  shifts  along  the  length  of  the  arc,  whereas  toward  the  end  of  arc  burning,  a  significant  increase 
is  observed,  independently  of  the  method  of  evaporation,  in  the  upper  part  of  the  spectrum.  The  total  time  for 
evaporation  of  silicon  dioxide  from  the  cathode  is  more  than  3  minutes,  and  on  evaporation  from  the  anode,  the 
total  evaporation  time  is  about  2  minutes.  In  order  to  determine  the  presence  of  niobium,  we  evaporated  the 
test  sample  from  the  anode  using  a  gap  of  4  mm  between  the  electrodes,,  diaphragming  the  ends  of  the  electrodes 
in  the  process. 

The  shape  and  dimensions  of  the  crater  in  the  carbon  electrode  have  an  essential  effect  on  the  rate  of  eva¬ 
poration  of  SiO^,  We  consider  that  electrodes  with  very  thin  walls  0.3-0.5-mm  thick  are  the  most  suitable.  The 

sensitivity  of  the  determination  of  niobium  depends  on  the 
size  of  the  sample.  Accordingly,  in  our  experiments  we 
used  not  less  than  20  mg. 

The  changes  in  intensity  of  the  niobium  and  silicon 
lines  with  time  are  shown  in  the  evaporation  curves  (Fig.  1). 

It  is  clear  from  Fig.  1  that  niobium  passes  into  the 
interelectrode  gap  the  moment  the  arc  is  struck ,  as  does  the 
silicon.  Fractional  evaporation  is  not  observed.  The  total 
time  of  evaporation  of  niobium  is  determined  by  the  amount 
of  SiO^,  Given  in  Fig.  2  are  the  calibration  curves  for  the  de¬ 
termination  of  niobium  within  the  concentration  limits 
1.4  X  10“^  —  9  X  IQT^^Jo  on  the  basis  of  the  blackening  of  the 
niobium  line  Nb  II  3094.18. 

On  the  basis  of  the  experimental  results  obtained,  the 
following  technique  was  finally  adopted. 

An  ISP-22  spectrograph  was  used;  the  slit  width  of 
the  spectrograph  was  0.012  mm.  During  analysis  of  enriched 
samples  containing  appreciable  amounts  of  titanium,  iron,  and  aluminum,  a  KS-55  spectrograph  with  quartz 
optics  and  a  slit  width  of  0.02  mm  should  be  used.  The  slit  of  the  apparatus  was  illuminated  with  a  three-lens 
condenser  system  at  a  standard  distance.  The  excitation  source  was  a  dc  arc,  operating  at  a  voltage  of  220  v  and 
current  of  9-10  amp.  The  carbon  electrodes  were  6  mm  in  diameter.  The  lower  electrode  had  a  crater  8-9  mm 
deep  and  3.5  mm  in  diameter,  the  wall  thickness  being  0.3  mm  and  the  interelectrode  distance  was  4  mm.  The 
ends  of  the  electrodes  were  diaphragmed  and  the  duration  of  preliminary  ignition  was  20  sec.  Photographs  were 
taken  for  90-100  sec  right  up  to  complete  burning  of  the  sample.  The  photographic  plates  used  were  type  I,  sen¬ 
sitivity  4  GOST  units  (spectrograph  ISP-22)  or  spectrographic  type  II,  sensitivity  16  GOST  units  (spectrograph  KS-55). 
Determination  was  made  on  the  basis  of  the  absolute  blackening  of  the  niobium  line  NB  II  3094.18.  Standards 
were  prepared  by  adding  a  niobium  solution  to  chemically  pure  SiO^.  The  mixtures  obtained  were  evaporated, 
calcined,  and  ground. 

Using  this  technique,  synthetic  mixtures  of  the  granite  type,  a  natural  sample  of  gneiss  and  samples  of 
biotite  granites  were  analyzed,  after  chemical  enrichment  by  the  method  described  above.  The  results  are 
given  in  Tables  1-3.  In  order  to  check  the  results  the  method  of  additions  was  also  used. 

The  niobium  content  of  the  gneiss  was  determined  as  the  mean  of  five  parallel  determinations;  the  mean 
square  experimental  error  was  ±.  SPjo. 

For  determination  of  niobium  on  the  basis  of  the  absolute  blackening,  the  mean  square  error  of  a  single  de¬ 
termination  was  about  ±  20°/o. 

The  error  of  a  single  determination  of  microamounts  of  niobium  in  samples  is  made  up  from  errors  arising 
from  the  chemical  operations  during  concentration,  and  from  the  errors  of  the  spectrographic  method. 


Fig.  3.  Change  in  blackening  of  the  lines  of 
niobium  (Nb  II  3094.18)  and  titanium  (Ti  II 
3088.03)  during  evaporation  from  SiQ[  in  a 
dc  carbon  arc. 
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Results  for  the  determination  of  niobium  the  synthetic  mixtures,  gneiss  samples,  and  in  granites  can  be 
regarded  as  quite  satisfactory. 

When  the  test  sample  does  not  contain  titanium  [6],  niobium  can  be  conveniently  determined  on  the  basis 
of  relative  blackening  using  titanium  in  amounts  of  1-5  x  as  an  internal  standard.  In  such  cases,  titanium 

is  added  to  both  the  standards  and  the  samples  as  a  standard  solution,  with  subsequent  drying  and  calcining  of  the 
silicon  dioxide. 

In  Fig.  3  are  shown  the  curves  illustrating  the  change  in  absolute  blackening  of  the  lines  Mb  II  3094.18  (ex¬ 
citation  potential  equal  to  4.52  ev)  and  Ti  3088.03  (excitation  potential  equal  to  4.07  ev)  as  a  function  of  the 

evaporation  time.  Similar  evaporation  curves  are  obtained 
when  the  current  is  altered. 

A  calibration  curve  plotted  within  the  coordinates 
relative  blackening  -  logarithm  of  the  concentration  -  is 
shown  in  Fig.  4. 

On  using  titanium  as  an  internal  standard,  the  mean 
square  error  of  a  determination  for  a  niobium  concentration 
of  5  X  10  ^°}o  amounts  to  ±  6.4*70,  whereas  for  lower  concen¬ 
trations,  it  U  approximately*  207o  (for  2.3  x  lO"**^’  Nb,  it  is 
±  irio). 

Thus,  for  the  determination  of  the  order  of  of 

niobium,  the  calibration  curve  can  be  constructed  on  the 
basis  of  absolute  blackening.  Since  there  are  a  number  of 
published  references  to  the  effect  of  titanium  on  the  accuracy 
of  niobium  determination,  we  carried  out  some  experiments 
to  establish  the  extent  of  this  effect  on  the  intensity  of  the 
line  Nb  3094.18  for  various  titanium  contents  (Fig.  5). 

The  results  obtained  permit  one  to  conclude  that  under  the  conditions  used  in  the  suggested  method,  titan¬ 
ium  has  no  effect  on  the  intensity  of  the  line  Nb  3094.18  for  titanium  contents  of  1*70  and  less  in  the  Ignited  sample. 


6S  Hi309>4-Ti.J088 


ening. 


Ti  content,  *7o 

Fig.  5.  Relation  of  the  blackening  of  the  line  Nb  3094.18  for  a) 
0.25*7o  and  b)  0.002*70  of  niobium  in  the  standard. 


In  conclusion,  the  authors  wish  to  thank  I.  P.  Alimarin  for  his  continued  interest  in  the  work  and  for  his 
valuable  advice. 

SUMMARY 

A  technique  has  been  suggested  for  the  chemical  enrichment  of  niobium,  which  is  based  on  its  coprecipita 
tlon  with  silicic  acid  in  the  presence  of  gelatin  and  pyrogallol;  this  technique  has  been  treated  experimentally; 
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a  spectrographic  method  has  also  been  developed  for  the  determination  of  0.1-0.0009%  of  niobium  in  the  isolated 
silicic  acid  using  Russian  apparatus. 

Determination  of  niobium  in  gneiss  and  granite  is  possible  at  niobium  contents  of  up  to  n  X  10~'^%  with  an 
error  of  about  20%. 
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GRAVIMETRIC  AND  TITRIMETRIC  METHODS  OF  DETERMINING  BISMUTH 
BY  MEANS  OF  AMMONIUM  BENZENE-  AND  N  A  PH  T  H  ALE  NE  S  ELE  NI  N  A  TE  S 


V.  S.  Sotnikov  and  I.  P.  Allmarln 
The  M.  V.  Lomonosov  Moscow  State  University 


A  number  of  inorganic  and  organic  precipitating  agents  are  used  for  the  gravimetric  determination  of  bis¬ 
muth.  One  of  the  best  gravimetric  methods  is  based  on  the  precipitation  of  bismuth  with  selenious  acid  [1-5],  De¬ 
termination  of  bismuth  can  be  finished  by  weighing  it,  lifter  drying  the  precipitate  at  110-120“)  as  Bi2(SeO^)3,  or 
it  can  be  determined  titrimetrically.  Orthophosphor ic  acid  and  alkali  metal  phosphates  have  also  been  recom¬ 
mended  [6-8], 

Arsenic  acid  and  alkali  metal  arsenates  form  compounds  with  bismuth  which  are  sparingly  soluble  in  water 
and  which  are  reminiscent  of  phosphates  [9-10].  Methods  for  the  gravimetric  and  titrimetric  determination  of 
bismuth  and  for  its  separation  as  the  arsenate  have  not  been  studied  very  much  and  are  of  no  great  practical  im¬ 
portance,  being  inferior  to  the  phosphate  and  other  methods  [11,  12].  Of  organic  reagents,  phenylarsonic  acid, 


Effect. of  HNC^  on  completeness  of  precipitation  of  bis¬ 
muth  as  benzeneseleninate  and  naphthaleneseleninate  for 
a  concentration  of  the  reagents  of  2J3%. 


cupferron,  8-hydroxyquinoline,  gallic  acid,  pyrogallol,  etc.  have  been  used  for  the  determination  of  bismuth  [1], 

We  should  like  to  suggest  two  new  reagents  for  the  gravimetric  and  titrimetric  determination  of  bismuth. 
These  compounds  are  QH5SeC^NH4  and  CioH7SeO^NH4  and  they  permit  the  determination  of  bismuth  in  the  pres¬ 
ence  of  many  elements:  Ag,  Be,  Ca,  Al,  Zn,  Mn,  Nl,  Co,  Cd,  Cu,  Pb,  etc.  [13]. 

The  reagents  CjH5SeO^NH4  and  CioH7SeCl^NH4  precipitate  bismuth  from  mineral  acid  solutions  as  crystalline 
precipitates  which  are  soluble  in  concentrated  acids,  and  are  also  decomposed  by  alkalis.  The  limiting  dilution 
for  bismuth  benzeneseleninate  is  1:  400,000,  and  for  the  naphthaleneseleninate  it  is  1:650,000.  The  chemical 
composition  of  the  precipitates  dried  at  110*  corresponds  to  the  formula  Bl(R-SeQ{)s  where  R  is  QHg  or  C10H7. 
Bismuth  can  be  determined  by  weighing  as  Bi(R-SeO^)i  after  drying  the  precipitate  at  110-120*,  or  it  can  be 
determined  iodometrlcally. 
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In  order  to  investigate  the  effect  of  the  concentration  of  HNO^  on  the  completeness  of  precipitation  of 
bismuth  as  Bi(R-SeC)^)i,  various  amounts  of  mineral  acid  were  added,  and  the  solution  diluted  to  100  ml.  The 
final  solution  was  then  heated  to  70-80*  and  bismuth  precipitated  with  either  CeH5SeO^NH4  or  CioH7SeO^NH4.  The 
precipitate  was  washed,  calcined,  and  then  weighed  as  Bi2C^.  The  results  obtained  are  given  in  the  diagram. 

During  the  gravimetric  determination  of  bismuth,  after  precipitation  of  the  bismuth  the  precipitate  plus 
solution  was  heated  on  an  electric  hotplate  for  25-30  minutes,  and  then,  after  cooling  the  solution,  the  precipitate 
was  filtered  off  on  a  No.  4  crucible  (with  a  porous  bottom):  it  was  washed  carefully  with  distilled  water,  dried  at 
110-120*,  and  weighed  as  Bi(R-SeCfe)j. 

The  results  obtained  are  given  in  Table  1. 


TABLE  1 


A  Determination  of  Bismuth  as  Benzene-  and  Naphthaleneseleninates  (in  mg) 


Regeant 

Bl 

taken 

Bl 

found 

Error 

Reagent 

Bi 

taken 

Error 

^jj-SeOjNHa 

11,20 

11,26 

5,63 

5,63 

11,25 

11,27 

5,63 

5,61 

—0,01 

4-0,01 

±0,00 

—0,02 

-Se02NH4 

11,26 

11,20 

5,03 

5,63 

11,27 

11,25 

5.62 

5.63 

+0,01 

—0,01 

—0,01 

±0,00 

For  the  titrimetric  determination  of  bismuth,  the  precipitate  of  the  benzeneseleninate  was  dissolved  in  hy¬ 
drochloric  acid  and  the  benzeneseleninic  acid  was  titrated  iodometrically,  potentiometrically,  or  amperometrical- 
ly,  using  a  rotating  platinum  microelectrode.  The  precipitate,  after  precipitation  of  bismuth  with  benzeneseleninic 
acid,  was  filtered  off,  carefully  washed  with  distilled  water,  and  washed  into  the  beaker  to  be  used  for  titration. 
Some  hydrochloric  acid  was  then  added;  this  was  followed  by  0.5-1.0  g  of  tartaric  acid,  and  the  solution  heated 
until  the  precipitate  had  dissolved  completely.  The  solution  was  diluted  with  water^  A  two-to  threefold  excess 
of  potassium  iodide  was  added  and  the  liberated  iodine  titrated  potentiometrically  or  amperometrically  with 
sodium  thiosulfate: 

2CflH5Se02H  +  6KI  +  6HC1  =  (C6H5Se)2  +  SIj  +  6KC1  +  m.,0 
Bi  ^97  9Na2S203 

At  the  same  time,  for  comparison  bismuth  was  precipitated  with  selenious  acid  by  the  method  described  in 
the  literature  [2J.  The  precipitate  was  washed  with  water,  dissolved  in  nitric  acid,  and  tartaric  acid  added;  the 
liberated  iodine  was  again  titrated  with  sodium  thiosulfate: 

HjSeOs  4KI  +  4HC1  =  Se  +2 1,  +  4KC1  -f  SHzO  . . . 

(2) 

Bi  =  =  6Na2S203 


The  results  obtained  are  given  in  Tables  2  and  3, 

It  should  be  pointed  out  that  the  potentiometric  and  amperometric  methods  of  determining  bismuth  by 
means  of  selenious  acid  have  some  essential  drawbacks,  namely:  reduction  of  selenious  acid  by  potassium  iodide 
proceeds  to  elemental  selenium,  which  is  deposited  on  the  platinum  electrode  and  the  latter  accordingly  ceases 
to  react  to  changes  in  potential  difference.  This  Interferes  with  establishment  of  the  equivalence  point.  Accord¬ 
ingly,  potentiometric  titration  of  large  amounts  of  F^SeC^  is  very  difficult,  and  amperometric  titration,  even  of 
only  small  amounts  of  l^SeO^,  is  impossible  in  practice.  Table  2  and  Table  3  contain  the  best  of  many  results 
obtained  during  potentiometric  and  amperometric  determination  of  bismuth  by  means  of  selenious  acid. 

Reduction  of  QHsSeO^H  with  potassium  iodide  proceeds  to  diphenylselenide  which  does  not  affect  the  ac¬ 
curacy  of  establishing  the  equivalence  point  when  either  the  potentiometric  or  amperometric  methods  are  used. 
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TABLE  2 

A  Potentiometric  Determination  of  Bismuth 


Bi  2(8003)3 


C°"’P°““duken.S/*40.Sjis"-!. 


mg  1  ^8 


Compound 


Bi  ,  Error, 
found,  me 
me  ® 


8,45 

9,68 

8,49 

+  0,04 

16,90 

28,95 

16,92 

+0,02 

8,45 

9.60 

8,42 

—0,03 

BifCjHsSeOa).! 

16.90 

28,97 

16,93 

+0,03 

4,23 

4,89 

4,28 

4-0,05 

8,45 

14,45 

8.44 

—0,01 

4,23 

4,74 

4,20 

—0,03 

8,45 

14.45 

8,45 

±0,00 

4,23 

7,23 

4,23 

+0,00 

4,23 

7,24 

4,24 

+0,01 

TABLE  3 

Amperometric  Determination  of  Bismuth 


Compound 


312(8603)3 


|e„| 


ml  Img  *^8 


Compound 

*  O 


iSjOsP 

Q 

4,23  4,85  4,26  +0,03  4,23 

4,23  4,78  4,20  —0,03  Bi(C6H58c02)3  4,23 

2,12  2,33  2,09  —0,03  2,12 

2,12  2,46  2,16  +0,04  2,12 


4,23  +0,00 
4,24,  +0,01 
2,10  —0,02 
2,13  +0,01 


Lead,  at  a  pH  of  not  less  than  4,  is  precipitated  with  ammonium  benzene-  or  napthaleneseleninate,  but  the 
coarse  crystalline  precipitate  dissolves  readily  in  dilute  nitric  acid.  Bismuth,  on  the  other  hand,  is  quantitatively 
precipitated  by  these  reagents  from  fairly  acid  solutions.  On  this  basis  we  have  studied  the  possibility  of  determin 
ing  bismuth  quantitatively  in  the  presence  of  lead.  The  lead  content  of  the  filtrate  remaining  after  removal  of 

TABLE  4 

A  Determination  of  Bismuth  in  the  presence  of  Lead  (in  mg) 


Bi 

Pb 

_!!J 

Pb 

Bi 

Pb 

16,90 

25,11 

16,89 

25,05 

—0,01 

-0,06 

BeOaNH* 

16,90 

8,45 

25,11 

75,33 

16,92 

8,48 

75,35 

+0,02 

±0,03 

+  0,02 

1  II 

8,45 

75,33 

8,43 

75,25 

—0,02 

-0,08 

%/ 

5,63 

150,66* 

5,61 

— 

-0,02 

— 

5,63 

150,66* 

5,64 

150,60 

+0,01 

-0,06 

16,90 

25,11 

16,88 

_ 

-0,02 

_ 

16,90 

25,11 

16,89 

— 

—0,01 

— 

8,45 

75,33 

8,43 

75,37 

-0,02 

40,04 

8,45 

75,33 

8,48 

75,24 

4  0,03 

—0,09 

1  II  1 

5,63 

150,66* 

5,65 

— 

4  0.(»2 

— 

5,63 

150,66* 

5,60 

150,58 

-0,03 

—0,03 

*  Bismuth  was  determined  after  reprecipitation. 

the  bismuth  was  determined  by  precipitation  with  thiourea,  with  subsequent  conversion  of  the  lead  into  PbCr04. 
Determination  of  lead  was  finished  iodometrically  [14]. 

As  is  evident  from  the  results  given  in  Table  4,  when  the  amount  of  lead  present  is  not  more  than  10^  of 
that  of  bismuth,  then  the  former  does  not  affect  the  accuracy  of  the  determination  of  bismuth  by  the  benzene-  or 
napthaleneseleninate  method.  At  higher  lead  contents  the  bismuth  must  be  reprecipitated. 

SUMMARY 

Two  new  reagents  -  QH5SeO^NH4  and  CioH7SeC)^NH4-  are  suggested  for  the  gravimetric  determination  of 
bismuth:  in  mineral  acid  solutions  these  reagents  form  white  crystalline  precipitates  with  bismuth. 
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The  composition  of  the  precipitates  corresponds  to  the  formulas  Bl(C«H5SeO^)i  and  Be(CioH7SeC)^)i.  Bismuth 
can  be  determined  by  weighing  It  In  the  form  of  Its  benzene-  or  naphthalenselenlnate  after  drying  the  precipitates 
at  a  temperature  of  110-120*. 

It  has  been  shown  that  it  Is  possible  to  determine  bismuth  tltrlmetrlcally  by  dissolving  bismuth  benzene- 
selenlnate  In  a  mixture  of  mineral  acid  and  tartaric  acid,  and  then  lodometrlcally  titrating  the  benzeneselenlnlc 
acid  by  a  potentlometrlc  or  amperometrlc  method.  The  relative  error  for  determination  of  5  to  20  mg  of  B1  does 
not  exceed  0.5%. 
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THE  ANALYTICAL  APPLICATION  OF  8  -  M  E  RC  A  P  TO  QUI  NOLI  N  E 
(THIOOXINE)  AND  ITS  DERIVATIVES 

COMMUNICATION  8.  A  NEW  PHOTOMETRIC  METHOD  FOR  THE  DETERMINATION 
OF  RHENIUM  IN  THE  PRESENCE  OF  MOLYBDENUM,  TUNGSTEN.  AND  OTHER  ELEMENTS* 

Yu,  A,  Bankovskii,  A.  F.  levin'sh,  and  A.  Luksha 
Institute  of  Chemistry  of  the  Academy  of  Sciences  of  the  Latvian  SSR,  Riga 


The  rhenium  content  of  minerals  lies  within  the  limits  of  and  lower  [1],  As  a  result  of  this, 

analytical  methods  are  required  which  will  permit  determination  of  low  concentrations  of  rhenium  against  aback- 
ground  of  molybdenum  and  a  number  of  other  elements  which  usually  accompany  rhenium.  Despite  the  consider¬ 
able  amount  of  work  carried  out  by  research  workers  on  rhenium,  and  despite  the  wide  possibilities  opened  up  by  the 
existence  of  rhenium  in  various  valence  states,  the  analytical  chemistry  of  rhenium  has  not  been  developed  sufficiently, 
and,  to  a  considerable  extent,  does  not  satisfy  modern  demands.  This  is  true  in  particular  of  the  determination  of 
rhenium  in  the  presence  of  appreciable  overwhelming  amounts  of  molybdenum,  tungsten,  and  other  elements. 

While  we  do  not  wish  to  enumerate  all  the  published  methods  for  the  determination  of  rhenium,  we  shall 
briefly  discuss  the  present  position  with  regard  to  the  analytical  determination  of  rhenium. 

The  x-ray  spectrographic  method  first  applied  by  V.  and  I.  Noddak  [3]  for  the  determination  of  rhenium  con¬ 
tinues  to  be  the  subject  of  study  for  a  number  of  research  workers  [4J,  but  this  method  has  not  yet  achieved  the  ac¬ 
curacy  of  chemical  methods,  and,  because  of  its  low  sensitivity,  cannot  be  used  for  the  direct  determination  of 
rhenium  in  natural  objects  without  preliminary  concentration. 

Spectrographic  methods  of  determining  rhenium  are  not  sensitive  enough;  suppression  of  the  intensity  of 
the  spectral  lines  of  rhenium  by  accompanying  elements  has  been  observed  [5,  6]. 

Gravimetric  methods  demand  preliminary  determination  of  a  number  of  elements,  and,  for  a  variety  of 
reasons,  have  not  found  application  for  the  determination  of  gamma  amounts  of  rhenium  [7-12]. 

In  1932,  Geilmann,  Wrigge,  and  Weibke  [13]  suggested  a  photometric  method  for  the  determination  of 
rhenium  in  the  form  of  its  compound  with  thiocyanate  (after  reduction  of  HRe04  with  stannous  chloride),  to  which 
the  composition  ReO(SCN)4  has  been  ascribed.  But,  as  Ryabchikov  and  Lazarev  [14]  have  shown,  the  colored  com¬ 
pound  is  the  salt  K3[ReC^(SCN)Jor  K[ReO(SCN)4].  This  Is  the  method  that  has  found  the  widest  application,  and  Is 
suitable  for  the  determination  of  0,5  to  500  y  of  Re  according  to  one  source  [5],  and  for  the  determination  of 
63  to  5000  y  Re  according  to  another  [15],  The  thiocyanate  method  requires  the  preliminary  separation  of 
molybdenum,  tungsten,  niobium,  and  a  number  of  other  elements.  Anisomov  [16]  has  found  that  the  color  given 
by  the  thiocyanate  complex  of  molybdenum  can  be  eliminated  by  means  of  hydroxyl  amine  hydrochloride. 

On  this  principle  a  method  has  been  suggested  for  the  qualitative  detection  of  rhenium  at  a  limiting  con¬ 
centration  of  1 : 66,000  at  a  ratio  of  Re :  Mo  =  1:3700. 

Poluektov  [17]  has  suggested  a  very  sensitive  photometric  method  for  the  determination  of  0.001-0.1  y  Re 
in  1.5  ml  of  solution.  The  method  Is  based  on  the  catalytic  acceleration  by  perrhenates  of  the  reduction  of  tellur- 
ates  by  stannous  chloride.  Only  small  amounts  of  molybdenum  are  permissible. 

In  1939,  Willard  and  Smith  [12]  suggested  tetraphenylarsonium  chloride  for  precipitating  perrhenates.  Later 
tetraphenylarsonium  chloride  was  studied  in  more  detail  and  was  used  for  the  photometric  determination  of  rhenium 


For  communication  7,  see  J.  Anal.  Chem.  14,  523  (1959). 


in  the  far  ultraviolet,  and  also  for  preliminary  separation  of  rhenium,  and  its  subsequent  determination  as  the 
thiocyanate  complex  [18,  19].  By  means  of  this  reagent  It  is  possible  to  determine  rhenium  In  the  presence  of 
20  mg  Mo  and  W,  and  also  to  separate  rhenium  from  molybdenite,  with  subsequent  photometric  determination 
by  the  thiocyanate  method  [18],  Unfortunately,  a  number  of  elements:  Hg,  Bi,  Pb,  Ag,  Sn,  and  some  anions 

(fluorides,  bromides,  iodides,  thiocyanates,  etc.)  Interfere 
with  determination  of  Re  by  this  very  promising  reagent. 
Presumably,  more  detailed  work  would  show  that  the 
number  of  elements  which  can  interfere  is  even  greater 
(e.  g.,the  platinum  metals). 

Another  method  which  has  been  suggested  is  reduc¬ 
tion  of  perrhenic  acid  with  hydrazine  [20],  or  with  a  di¬ 
valent  chromium  salt  [21],  and  then  carrying  out  a  photo¬ 
metric  determination  of  the  solution  of  hexachlororrhenic 
acid  H2ReClg  at  281.5  m/i.  The  specificity  of  the  meth¬ 
od  is  apparently  low. 

Research  workers  have  also  devoted  their  attention 
to  a  study  of  the  interactions  of  the  lower  valence  states 
of  rhenium  with  dioximes.  The  first  article  on  the  re¬ 
action  of  rhenium  with  dimethylglyoxime  was  that  of 
Tugarinov  [22],  This  was  followed  by;  Tribildt’s  article 
[23]  on  the  reaction  of  Re  with  a-furildioxime,  the  arti¬ 
cle  by  Peshkova  and  Gromova  [24]  on  the  reaction  of 
rhenium  with  dioximes  as  a  function  of  the  structure  of 
the  reagents,  and  the  article  of  Fischer  and  Meloche  [25] 
on  the  reaction  of  rhenium  with  ot-benzyldloxlme. 

Since  dioximes  only  react  with  the  lower  valence  states  of  rhenium.  ( 4  or  5  valence),  the  reactions  are  carried 
out  In  the  presence  of  stannous  chloride.  Mo,  W,  and  some  platinum  metals  interfere  with  determination  of 
rhenium  by  means  of  dioximes. 


TABLE  1 

Determination  of  Re  in  Pure  Solutions 


Re  taken,  y 

Re  found,  y 

Error,  *70 

Re  taken,  y 

Re  found, y 

Error,  *^0 

5 

5.3 

+  6 

50 

50 

0 

10 

10.2 

+  2 

100 

99 

-1 

20 

19.5 

-2.5 

200 

206 

+  3 

log  lo/I 


Fig.  1.  The  relation  between  the  light  absorption 
of  chloroform  extracts  of  rhenium  thiooxinate  and 
the  hydrochloric  acid  concentration  of  the  solution 
(30  y  Re  taken;  measurements  carried  out  on  a 
FEK-M  apparatus;  blue  filter,  cuvette  1  cm). 


Gellman  and  Rolf  Neeb  [26]  have  suggested  2,4-diphenylthiosemicarbazide  as  a  reagent  for  rhenium.  The 
reagent  gives  a  color  reaction  (the  red-colored  compound  can  be  extracted  with  chloroform)  directly  with  the 
perrhenate  ion  without  preliminary  reduction.  It  is  possible  that  the  reagent  itself  functions  as  a  reducing  agent 
as  well,  2,4-DiphenylthIosemicarbazide  permits  determination  of  Re  in  the  presence  of  only  small  amounts  of 
molybdenum, 

Chernikhov  and  Dobkina  [27]  have  established  that  perrhenate  ions  form  a  white-yellow  precipitate  with 
sodium  diethyldithiocarbamate  in  concentrated  hydrochloric  acid.  No  indications  are  given  in  their  article  of 
the  possibility  of  separating  or  determining  rhenium  with  diethyldithiocarbamate  In  the  presence  of  foreign  ele¬ 
ments. 

Titrimetric  methods  are  only  used  for  the  determination  of  large  amounts  of  rhenium,  preferably  in  pure 
solutions. 


Electrolytic  [28,  29]  and  polarographic  [30,  31,  32]  methods,  despite  the  fairly  high  sensitivity  of  the  latter, 
have  not  yet  found  application  for  the  determination  of  small  amounts  of  rhenium  in  natural  objects. 

It  has  been  shown  earlier  [35]  that  thiooxine  forms  exceptionally  stable  inner-complex  salts  with  a  number 
of  elements,  these  salts  being  Intensely  colored  and  readily  soluble  in  organic  solvents. 

Both  acid  and  alkali  solutions  of  potassium  perrhenate  also  react  with  thiooxine  to  form  differently  colored, 
in  all  probability,  inner-complex  salts,  which  are  insoluble  in  water  but  are  readily  extracted  with  chloroform, 
and  extracted  somewhat  less  readily  by  other  organic  solvents.  A  photometric  method  for  the  determination  of 

small  amounts  of  rhenium  by  means  of  thiooxine  Is 
described  below. 

The  Interaction  of  Rhenium  with  Thiooxine  In 
Various  Media.  Thiooxine  hydrochloride  CjHgNSH  •  HCl 
was  used  in  the  work  described  here  [33,  34].  On  mixing 
a  solution  of  potassium  perrhenate  with  a  V’Jo  alcoholic 
solution  of  thiooxine  hydrochloride,  thlooxlnates  corre¬ 
sponding  to  the  various  valence  states  of  rhenium  are 
formed.  In  acid  solutions,  a  brown  or  yellow-brown 
amorphous  precipitate  Is  formed.  Upon  heating  in 
alkali  solutions,  a  light  brown  precipitate  is  formed. 

The  completeness  of  the  reaction  depends  on  the 
time  (usually  20-30  minutes),  on  the  excess  of  thiooxine, 
and  on  the  nature  of  the  acid.  Perrhenate  does  not  react 
completely  in  sulfuric  acid  solutions,  whereas  In  hydro- 
bromic  acid  solutions  the  reaction  proceeds  rapidly.  How¬ 
ever  It  is  not  reproducible  to  the  degree  desired,  presum¬ 
ably  because  the  hydrobromlc  acid  reduces  the  perrhen¬ 
ate  Ion  to  the  lower  valence  states  [2]  In  which  less  in¬ 
tensely  colored  complexes  are  formed  with  thiooxine.  Completely  stable  colored-compounds  are  obtained  In 
hydrochloric  acid  solutions.  Heating  the  solution  In  a  boiling  water  bath  for  2-3  minutes  leads  to  completion  of 
the  reaction. 

We  first  studied  the  extractability  of  the  compounds  formed  as  a  function  of  the  acid  concentration. 

Amounts  of  50  y  lots  of  Re  in  the  form  of  a  solution  were  introduced  into  200  ml  Erlenmeyer  flasks  followed 
by  various  amounts  of  concentrated  hydrochloric  acid  to  give  final  solutions  of  a  known  normality.  Water  was 
added  to  bring  the  volume  up  to  50  ml  together  with  5  ml  of  6*70  solution  of  thiooxine  in  hydrochloric  acid  of  the 
same  normality.  The  flasks  were  placed  in  a  boiling  water  bath  for  3  minutes.  They  were  then  rapidly  cooled 
under  the  tap,  and  the  contents  transferred  to  a  150-200  ml  separating  funnel.  By  shaking  thoroughly  for  3-4  min¬ 
utes  with  10  ml  of  chloroform,  the  rhenium  thiooxinate  was  extracted.  After  filtering  the  yellow  chloroform  ex¬ 
tracts  through  a  plug  of  cotton  wool,  the  solutions  were  measured  photometrically  in  a  1  cm  cuvette  on  a  SF-4 
spectrophotometer  at  438  m/i.  As  is  evident  from  Fig.  1,  rhenium  thiooxinate  is  stable  and  is  extracted  from 
media  whose  normality  varies  from  5-11.75  N  HQ.  We  did  not  study  the  reaction  in  solutions  with  a  lower  con¬ 
centration  than  5  N  of  HQ. 

Thus,  rhenium  thiooxinate  is  formed  in  a  wide  range  of  acid  concentration.  Accordingly,  there  Is  no  need 
to  keep  to  a  definite  acidity  very  strictly.  The  higher  the  hydrochloric  acid  concentration,  the  smaller  the  num¬ 
ber  of  elements  which  react  with  thiooxine,  and^  accordingly,  the  more  selective  the  reaction  for  rhenium.  In 
such  strongly  acid  solutions  as  8-11  N,  very  few  elements  react  with  thiooxine  (some  platinum  metals).  The  best 
extractant  for  the  rhenium  thiooxinate  formed  under  these  conditions  is  chloroform. 

In  order  to  ensure  that  the  reaction  proceeds  quantitatively  in  a  medium  of  10  N  HQ  an  excess  of  reagent 
is  necessary.  As  is  evident  from  Fig.  2,  for  complete  extraction  of  rhenium  from  10  N  HQ,  not  less  than  2.5  ml 
of  a  6  *70  solution  of  thiooxine  in  a  volume  of  50  ml  is  required.  Larger  amounts  of  thiooxine  do  not  affect  the 
color  Intensity  of  the  chloroform  extracts. 


Amount  of  6'7o  thiooxine  solution,  ml 

Fig.  2.  Curve  for  the  extraction  of  rhenium  from 
10  N  hydrochloric  acid  as  a  function  of  the  amount 
of  %°}o  thiooxine  solution;  final  volume,  50  ml. 
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TABLE  2 


A  Determination  of  Re  In  the  Presence  of  Foreign  Elements 


Re 

taken, 

y 

Foreign 
element,  mg 

Re  :Me 

Re 

bund, 

y 

Error, 

Re 

taken 

y 

Foreign 

element, 

mg 

Re :  Me 

Re 

found. 

y 

Error, 

% 

20 

Mo''**-  100 

1 : 5000 

19 

-5 

30 

Sn*‘*  -  5 

1 : 166 

29,8 

-0.7 

100 

»  — 100 

1 : 1000 

97 

-3 

30 

Sn*''*  -  50 

1 : 1666 

31 

43 

20 

w''**-  10 

1 :  500 

20 

0 

100 

»  —  10 

1  :  100 

95 

-5 

30 

Se’V*  -  4 

1 ;  133 

28,9 

-4,7 

20 

Fe"**  -  25 

1  :  1250 

21 

+  5 

30 

Te*''*  -  5 

1 ;  166 

28,9 

-3.7 

20 

Ni  —  200 

1 :  10000 

21 

+  5 

30 

Cu*^  —  4 

1:  133 

31 

43 

20 

Co  -  250 

1 ;  12r00 

19,5 

-2,5 

30 

Ag  —100 

1:  3300 

30,4 

41,3 

30 

Zn  —  100 

1  : 3300 

29 

-3 

30 

Au‘“  —  50 

1 :  1660 

28,8 

—4 

30 

Cd  —  125 

1 :  4166 

28,2 

-6 

30 

Mn'*  -2000 

1  :  66600 

30 

0 

30 

V''  -25 

1  :833 

29 

-3 

30 

U''*  -1(H) 

1 : 3300 

31,2 

44 

30 

In  -  50 

1 : 1666 

30 

0 

30 

Pb**  —250 

1 : 8330 

29,9 

-0,3 

30 

Hg*'  -25 

1  ;833 

31 

+  3 

30 

Tl**  —  25 

1:833 

28,5 

-5 

30 

Sb' V,  -  10 

1:333 

32 

+  7 

30 

Tl'***  -  5 

1 : 166 

30,7 

42,3 

30 

Ru'"'-  1 

1  :33 

32 

+  7 

30 

Ge*''  —  10 

1  :333 

32 

47 

30 

Pt‘V*  _o^7 

1:23 

29 

-3 

30 

As''*  -  17 

1 : 566 

32,2 

47,3 

30 

Os''’**-0,t5 

1:5 

32 

+  7 

30 

As*"*-  1 

1  :  33 

44 

447 

30 

Ir*'’*  —  10 

1  ;  333 

28,7 

-4 

30 

Bi'***  -  60 

1  :  2000 

29 

-3 

30 

Rh'"*-  2 

1 : 66 

31 

43 

30 

Ce***  —500 

1  :  16600 

31,3 

43,^ 

30 

Nb''  —  5 

1  ;  166 

28 

-6,7 

30 

Cr"*  -500 

1  : 16600 

30 

0 

30 

Ta''  —  20 

1 ;  666 

30,5 

41.6 

30 

A1  —  500 

1 :  166(K) 

30,2 

40,' 

30 

Ti*''  —  50 

1 :  1666 

29,5 

-1,7 

30 

Zr  —  500 

1  ; 16606 

29,2 

-2,’ 

•  The  values  given  for  the  elements  marked  with  asterisks  in  the  table  are  the  limiting 
permissible  values  for  those  elements  (in  the  absence  of  other  elements  in  the  50  ml  of 
the  test  solution).  The  limiting  permissible  amounts  of  the  other  elements  have  not  been 
studied. 


Absorption  Spectrum  of  Rhenium  Thiooxinate  and  Conformity  to  Beer's  Law.  The  absorption  spectrum  of 
rhenium  thiooxinate  was  taken  on  a  SF-4  spectrophotometer.  The  chloroform  extracts  were  prepared  in  the  same 
way  as  that  described  in  the  analytical  procedure  (see  below).  In  Fig,  3  are  given  absorption  curves  for  three  dif¬ 
ferent  concentrations  of  rhenium  thiooxinate.  The  absorption  maximum  of  the  complex  is  located  at  438  m/i , 
and  the  mean  value  of  the  molar  extinction  coefficient  is  8470. 

A  study  of  the  conformity  of  the  chloroform  extracts  of  rhenium  thiooxinate  to  Beer’s  Law,  and  the  determina¬ 
tion  of  rhenium  in  pure  solutions  was  carried  out  as  described  below:  the  extinction  of  the  extracts  was  measured 
at  438  m/1  in  a  1  cm  cuvette.  As  is  evident  from  Fig.  4,  the  calibration  curve  constructed  for  the  limits  1  to  40y 
Re  in  1  ml  of  CHOs  (5-200  y  of  Re  in  the  solution  being  analyzed),  deviates  only  slightly  from  linearity.  By 
using  a  0.5  cm  cuvette,  it  is  possible  to  determine  even  more  than  200  y  Re.  By  working  with  a  1  cm  cuvette  and 
carrying  out  the  extraction  with  5  ml  of  chloroform,  completely  satisfactory  results  can  be  obtained  during  deter¬ 
mination  of  5  y  Re,  and  apparently,  smaller  amounts  can  be  determined. 

Results  for  the  determination  of  Re  in  pure  solutions  are  given  in  Table  1. 

Determination  of  Rhenium  in  the  Presence  of  Foreign  Elements.  Thiooxine,  as  a  reagent  of  the  R-SH  type, 
in  complete  agreement  with  the  views  developed  by  V.  I.  Kuznetsov  [36J,  interacts  in  aqueous  solutions  only  with 
elements  which  form  sulfides  which  are  stable  in  the  presence  of  water.  Accordingly,  particular  attention  was 
given  to  a  study  of  the  effect  of  these  elements  on  the  accuracy  of  rhenium  determination. 
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TABLE  3 


The  Effect  of  Anions  on  the  Accuracy  of  Re  Determination  (30  y  Re  taken  each  time) 


Foreign  anion,  mg 

Re  found,  y 

Error,(yo 

Foreign  anion. 

mg 

Re  found ,  y 

Error,  % 

Bromide  - 

1500 

29 

-3.4 

Perchlorate  — 

500 

27.9 

-  7 

Iodide  — 

1000 

28 

-6.7 

Tartrate  - 

2000 

30 

0 

Fluoride  — 

1000 

32 

+6.6 

Arsenate  — 

175 

0 

-100 

Sulfate  - 

2000 

30 

0 

Arsenate  — 

17 

32.5 

+  6.3 

Phosphate  - 

2000 

30.5 

+1.7 

Hypophosphlte  — 

500 

12 

-  60 

Borate  — 

1000 

31.5 

+5 

Hypophosphite  — 

5 

31 

+  3.3 

Acetate  - 

2000 

29.6 

-1.3 

Arsenite  — 

1 

44 

+  47 

Oxalate  - 

1000 

28 

-6.7 

Nitrate  — 

100 

0 

-100 

The  fact  that  rhenium  thiooxinate  in  the  presence  of  excess  thiooxine,  can  be  extracted  in  a  medium  of 
5-11.75  N  hydrochloric  acid  (Fig.  1)  means  that  it  is  possible  to  vary  the  conditions  for  determining  rhenium 
widely  with  the  object  of  removing  interference  on  the  part  of  many  elements.  In  strongly  acid  solutions  (2-6  N 

HQ)  only  a  few  elements  react  with  thiooxine;  Hg,  Ag, 
Au,  Cu,  Mo,  W,  Pt,  Pd,  Ru,  and  Os.  At  higher  acidities 
(8-10  N  HQ)  Hg,  Ag,  Cu,  Mo,  and  W  cease  to  react 
with  thiooxine.  Accordingly,  rhenium  should  be  deter¬ 
mined  in  9-10  N  hydrochloric  acid. 


log  VI 


Fig.  3,  Absorption  spectrum  of  rhenium  thiooxin¬ 
ate  in  chloroform  obtained  in  a  medium  of  10  N 
HCl;  ^max  "  oil*.  1)  0,00016  M  solution;  2) 
0,00008  M  solution;  3)  0,000053  M  solution, 
cuvette  1  cm. 


Molybdenum  and  tungsten  in  amounts  of  100  and 
10  mg  respectively  do  not  interfere  with  the  determina¬ 
tion  of  rhenium  when  the  technique  described  below  is 
used.  In  the  presence  of  large  amounts  of  Mo  and  W,  low 
results  are  obtained  for  Re  because  of  the  complexing  of 
thiooxine  by  these  elements.  In  the  presence  of  large 
amounts  of  other  foreign  elements  the  limiting  permissi¬ 
ble  amounts  of  Mo  and  W  decrease  because  of  additional 
complexing  of  thiooxine  by  these  elements. 

Iron  present  in  considerably  larger  amounts  than 
rhenium  sometimes  partially  passes  into  the  extract  and 
leads  to  high  results  for.  Re.  Masking  of  iron  by  fluorides 
or  phosphates  in  a  medium  of  10  N  HCl  is  not  possible. 
Interference  from  iron  was  avoided  by  a  double  extrac¬ 
tion  as  described  in  the  analytical  procedure.  During 
this  procedure  it  was  also  established  that  in  order  to  free 
the  extract  from  drops  of  water,  it  is  necessary  to  dry  it 
with  1-2  granules  of  anhydrous  CaCl2,  but  not  to  filter  it 
through  cotton  wool.  Using  such  a  methodf25  mg  of  iron 
does  not  interfere  with  determination  of  rhenium. 

Quinquevalent  arsenic  is  permissible  to  the  extent 
of  17  mg.  Large  amounts  which  are  reduced  to  the  ele¬ 
mental  state  trap  rhenium. 


Platinum  metals,  in  view  of  the  high  stability  of  their  thiooxinates  are  only  permissible  in  small  amounts: 
Pt-0.7  mg,  Ru-1  mg,  Os-O.15.mg.  Rh  does  not  interfere  in  amounts  up  to  2  mg  (larger  amounts  were  not  studied), 
Ir-10  mgj  Pd  should  be  absent. 

Gold  which,  is  precipitated  from  10  N  HCl  in  the  form  of  its  very  stable  thiooxinate,  coprecipitates  rhenium 
thiooxinate.  Nevertheless,  rhenium  can  still  be  determined  in  the  presence  of  large  amounts  of  Au  (e.  g.,  50  mg) 
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TABLE  4 

Determination  of  Re  in  Synthetic  Mixtures 


Re  taken,  y 

Foreign  elements,  mg 

Error,  ^0 

30 

Mo -50.  Fe-20.  Cu  2.  W-2.  Pb-50,  ’ 

Ni— 15,  Co— 15,  Cd-10,  U— 10,  Mn— 10 

30 

0 

30 

Mo— 30,  Fe-15,  Zn- 20.  Mn-lOO.  Cr— 50. 
Hg— 10,  V— 5,  Ti— 25,  Ag— 20,  In— 10, 
Zr— 50,  As''— 5,  W— 2,  Ta— 10 

29 

1 

—3 

when  the  following  technique  is  used.  After  the  test  solution  has  been  heated  for  3  minutes  in  a  boiling  water 
bath  and  then  cooled,  5-7  ml  of  a  saturated  solution  of  thiourea  is  added.  After  1-2  minutes  gold  thiooxinate 
dissolves  completely  and  liberates  the  coprecipitated  rhenium  thiooxinate  which  Is  then  extracted  with  chloroform. 

Copper  is  permissible  in  amounts  of  4-5  mg.  When  large  amounts  of  Cu  are  present  low  results  are  obtained 
for  rhenium  because  of  complexing  of  the  thiooxine. 

Tin  (II)  in  large  amounts  reduced  perrhenate  to  the  lower  valence  states  and  interferes  with  Re  determina¬ 
tion.  An  amount  equaling  5  mg  of  Sn  (II)  is  permissible.  Tin  (IV)  is  permissible  in  amounts  of  50  mg. 

Large  amounts  of  Ni,  Co,  Zn,  Cd,  In,  Sb,  Bi,  Mn,  U,  Pb,  Tl^,  Ge,  Nb,  Ta,  Ga,  Al,  Zr,  Th,  Cr^,  and  the 
rate  earths  do  not  enterfere  with  the  determination  of  rhenium.  Large  amounts  of  the  salts  of  the  alkali  and  alka¬ 
line  earth  elements  do  not  affect  the  accuracy  of  the  rhenium  determina¬ 
tion. 

Results  for  the  determination  of  rhenium  in  the  presence  of  foreign 
elements  are  given  in  Table  2. 

The  Effect  of  Anions  on  the  Accuracy  of  Rhenium  Determination. 

As  is  evident  from  the  results  given  in  Table  3,  the  anions  which  one 
normally  meets  in  analytical  practice  (bromides,  iodides,  fluorides,  sul¬ 
fates,  phosphates,  perchlorates,  etc.),  even  when  present  in  significant 
amounts,  do  not  interfere  with  the  determination  of  rhenium,  witfi  the 
exception  of  large  amounts  of  arsenates  and  hypophosphites.  Arsenites 
should  be  absent.  Nitrates  and  other  oxidizing  agents  should  also  be  ab¬ 
sent. 

Determination  of  Rhenium  in  Synthetic  Mixtures.  During  determina¬ 
tion  of  rhenium  in  complex  mixtures,  the  limiting  permissible  amounts 
of  foreign  elements  (results  given  in  Table  2)  decrease.  Nevertheless, 
determination  of  rhenium  is  possible  in  the  presence  of  mixtures  of  consi¬ 
derably  larger  amounts  of  a  number  of  elements  as  is  evident  from  the  ex¬ 
amples  given  in  Table  4. 

Analytical  Procedure.  To  8  ml  of  the  test  solution  contained  in  a 
100  ml  Erlenmeyer  flask  37  ml  of  concentrated  HQ  is  added,  and  after 
mixing,  5  ml  of  a  6^o  solution  of  thiooxine  hydrochloride  in  concentrated 
hydrochloric  acid  (6  g  of  thiooxine  hydrochloride  is  dissolved  in  100  ml 
concentrated  HCl).  The  flask  is  placed  in  a  boiling  water  bath  for  3 
minutes  (no  more).  It  is  then  immediately  well  cooled  under  the  tap,  and 
the  solution  is  poured  into  a  100  ml  separating  funnel.  Rhenium  thiooxin¬ 
ate  is  extracted  by  intensive  shaking  with  5  ml  (or  10  ml  depending  on  the  Re  content)  of  chloroform.  After  the 
layers  have  separated  out,  the  chloroform  is  removed  as  completely  as  possible  and  transferred  into  another  separa¬ 
ting  funnel  containing  22  ml  of  9  N  HQ  (4  ml  H2O  +  18  ml  concentrated  HCl  sp.  gr.,  1.193).  The  mixture  is 


log  lo/I 


Fig.  4.  Conformity  to  Beer's  Law 
of  chloroform  solutions  of  rhenium 
thiooxinate  (measurements  made 
on  a  SF-4  spectrophotometer  at 
438  mp). 
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thoroughly  shaken  for  2  minutes  and  then  2.5  ml  of  the  thiooxine  solution  mentioned  above  added  and  the  whole 
shaken  for  another  2-3  minutes.  After  the  chloroform  layer  has  separated  out  it  Is  transferred  into  a  test  tube  and 
dried  for  1-2  minutes,  with  one  or  two  granules  of  anhydrous  calcium  chloride  (the  CaCl2  should  not  have  an  alka¬ 
line  reaction).  It  is  finally  measured  photometrically  in  a  1  cm  cuvette  at  438  mp  .  The  amount  of  Re  present  is 
determined  by  means  of  a  calibration  curve  constructed  under  similar  conditions.  It  is  best  to  construct  the  cali¬ 
bration  curve  when  50-100  mg  of  noninterfering  elements  (Ni,  Cb,  Zn,  etc^  are  present  in  solution,  since  under 
these  conditions,  it  is  probable  that  as  a  result  of  changes  in  the  solubility  of  the  chloroform  in  the  mixture,  the 
extinction  of  the  extracts  changes  slightly. 

When  iron  is  absent  or  when  it  is  present  in  small  amounts  in  the  test  solution,  washing  of  the  extract  with 
9  NHCl  can  be  omitted.  When  this  technique  is  adopted.  In  order  to  free  the  extract  from  aqueous  turbidity,  it 
Is  best  to  filter  It  through  well-dried  glass  wool,  since  some  types  of  anhydrous  CaQ2  (becasue  of  their  alkaline 
reaction)  destroy  the  color  of  the  rhenium  complex. 

SUMMARY 

Under  different  conditions,  thiooxine  forms  inner  complex  salts  of  different  colors  with  rhenium.  The  very 
stable  rhenium  thiooxinate  which  is  formed  In  5-11.75  N  HCl  permits  determination  of  very  small  amounts  of 
rhenium  by  a  photometric  method. 

A  very  selective  photometric  method  has  been  developed  for  the  determination  of  Re  at  concentrations  of 
5-200  y  and  more  in  the  presence  of  5000  times  its  amount  of  Mo,  in  the  presence  of  500  times  its  amount  of  W, 
and  In  the  presence  of  considerably  larger  amounts  of  other  elements. 
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CHROMATOGRAPHIC  ANALYSIS  OF  MIXTURES 
OF  Cg  HYDROCARBONS 

A.  A,  Zhukho vitskii,  B.  A.  Kazanskii,  A.  I.  Karymova, 
P.  S.  Pavlova,  O.  D.  Sterligov  and  I.  M.  Turkel’taub 

All-Union  Scientific  Research,  Geological  Prospecting,  Petroleum  Institute 
and  the  Institute  of  Organic  Chemistry  of  the  Acad.  Sci.  USSR  Moscow 


During  the  catalytic  dehydrogenation  of  isopentane  to  isoamylenes  and  isoprene  there  is  formed  a  mixture 
consisting  of  liquid  Cg  hydrocarbons,  both  saturated  and  unsaturated,  in  which  gaseous  hydrocarbons  are  usually 
dissolved.  Analysis  of  such  multicomponent  mixtures  with  composition  Cj-Cg  has  hitherto  been  realized  by 
various  methods.  The  concentration  of  the  gaseous  C1-C4  hydrocarbons  can  be  determined  by  different  methods 
including  gas  chromatography  [I],  The  bromometricmethodsof  Rosenmund  PI  and  GaTpern  P,  3]  are  used  for 
the  determination  of  the  total  content  of  unsaturated  hydrocarbons  in  mixtures  of  Cg  hydrocarbons.  The  piperylene 
and  isoprene  content  can  be  found  by  means  of  the  reaction  with  maleic  anhydride  [4],  In  addition,  isoprene  can 
be  determined  separately  from  piperylene  by  the  method  of  Robey  and  Wiese  P,  5],  During  a  study  of  the  cat¬ 
alytic  dehydrogenation  of  the  isopentane  fraction  of  a  light  benzine,  Mamedaliev  et  al.  [6]  established  the  com¬ 
position  of  the  unsaturated  part  of  the  catalyzate  by  means  of  a  bromination  reaction.  Shuikin  et  al.  [7]  carried 
out  accurate  fractionation  of  the  isopentane  catalyzates,  and  identified  individual  hydrocarbons  in  the  fractions 
by  means  of  a  combination  of  light  scattering  spectra  and  infrared  spectra.  Kazanskii  et  al.  [B]  during  a  study 
of  the  composition  of  the  catalyzates,  isolated  on  a  fractionating  column  a  fraction  with  a  boiling  range  of  20- 
-38",  which,  after  treatment  with  maleic  anhydride^  was  examined  by  means  of  their  combination  light  scattering 
spectra.  Gorin  et  al.  [9]  during  a  study  of  isopentane  catalyzates  also  used  accurate  fractionation  and  infrared 
spectra,  while  the  fraction  of  catalyzate  additionally  treated  with  maleic  anhydride  was  studied  by  its  oxidation 
with  permanganate  solution.  Thus,  analysis  of  mixture"  of  Cg  hydrocarbons  is  a  complex  and  difficult  problem. 

The  aim  of  the  work  described  here  was  to  develop  a  rapid  and  fairly  simple  method  for  the  quantitative  analysis 
of  isopentane-isoprene-isoamylene  mixtures.  For  this  purpose  we  used  gas-liquid  partition  chromatography  [10] 
and  chromathermography  [11],  By  combining  these  methods  we  succeeded  in  developing  a  method  for  the 
quantitative  analysis  of  Cg  hydrocarbons  in  the  presence  of  lighter  hydrocarbons. 

EXPERIMENTAL 

Hydrocarbons.  Isopentane,  2-methylbutene-2,  2-methyl-and  3-methylbutene-l,  and  isoprene  prepared  in 
a  pure  state  previously  [2]  were  used  for  the  work.  Normal  pentane  was  isolated  from  a  petroleum  pentane  fraction 
by  fractionation  on  a  column  with  an  efficiency  of  30  theoretical  plates;  it  had  a  boiling  point  of  36.1*  (760  mm), 
n^  1.3574,  d4®’  0.6256.  Pentene-1  was  synthesized  from  ethyl  magnesium  bromide  and  allyl  chloride  [12], 
Pentene-2  was  obtained  by  pyrolysis  of  pentanol-3  acetate.  The  normal  pentenes  after  fractionation  on  a  column 
with  an  efficiency  of  40  theoretical  plates  had  the  following  constants:  pentene-1,  bp  29.0*  (760  mm),  nJJ  1.3717; 
d^®  0.6403;  pentane-2,bp  36.2  (760  mm),  n^  1.  3800;  d^®  0  6498  (mixmre  of  the  cis-  and  trans-  forms).  The 
preparations  of  the  piperylenes  used  had  the  following  constants:  cis -piperylene-  bp  44.2*  (760  mm);  n^  1.4356; 
d4?®  0.6927;  trans-piperylene-  bp  42.2"  (760  mm),  n|j  1,4295,  0.6767. 

Analytical  Procedure.  Development  of  a  chromatographic  technique  for  analyzing  the  hydrocarbons  was 
carried  out  using  individual  hydrocarbons  and  synthetic  mixtures  of  these  hydrocarbons  which  had  been  evaporated 
beforehand  in  air. 
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Readings  of  the  EPP-09  apparatus. 


Fig.  1.  Microevaporator. 


O') 


Fig.  3.  Chromatogram  of  Mixture  No.  25:  1)  Main 
experiment  (chromathermography  on  alumina  coupled 
with  gas  liquid  partition  chromatography  on  diato- 
maceous  earth  impregnated  with  dibutyl  phthalate); 

2)  supplementary  experiment  for  separating  3-meth- 
ylbutene-1  and  isopentane  by  gas-liquid  chromatog¬ 
raphy  on  diatomaceous  earth  impregnated  with  vaseline 
oil. 


Fig.  2.  Chromatogram  of  mixture 
No.  12  (chromathermograph  on 
alumina). 

We  chose  two  methods  for  preparing  air-hy¬ 
drocarbon  mixtures.  The  first  method  was  evapo¬ 
ration  of  the  hydrocarbons  in  air  by  means  of  a 
microevaporator  (Fig.  1).  The  test  mixture  of  the 
hydrocarbons  was  placed  in  the  evaporator  and  air 
(2-3  liters)  passed  through  it  while  the  flask  of  the 
apparatus  was  heated  over  an  alcohol  burner.  The 
mixture  of  air  plus  vapors  of  hydrocarbons  was  col¬ 
lected  in  a  gas  holder  over  brine,  from  wnich  samples 
were  then  taken  for  analysis  on  the  chromatograi^. 

In  the  other  method  the  hydrocarbon  test 
mixture  was  introduced  into  a  small,  thin-walled 
spherical  ampoule,  which,  after  it  had  been  sealed, 
was  broken  in  an  evacuated  vessel  provided  with 
a  two-way  tap.  In  this  method  mixtures  of  hydro¬ 
carbon  vapors  with  a  small  amount  of  air  were 
obtained.  In  this  way  samples  of  air-hydrocarbon 
mixtures  from  the  catalyzates  obtained  by  the 
the  dehydrogentation  of  isopentane  and  light  benzine 
fractions  were  prepared. 


Both  methods  of  preparing  samples  are  of  equal  value,  since  the  greatest  deviation  of  the  experimental 
results  obtained  by  die  two  methods  amounted  to  5%  relative. 

A  universal  chromathermograph  |13]  was  used  for  analyzing  die  hydrocarbon  mixtures.  In  this  apparatus 
simultaneous  chromathermographic  separation  on  aluminum  oxide,  and  gas  liquid  partition  chromatographic  sepa¬ 
ration  on  diatomaceous  earth  impregnated  with  dibutyl  phthalate  (25%  by  wei^t  of  the  supporting  phase)  was 
effected.  The  particle  size  of  the  support  was  0.5-1  mm.  A  70-80-cm  column  of  alumina  was  used  and  a  10 
meter  column  of  the  diatomaceous  earth.  The  cross  section  of  the  sorption  columns  was  0.125  cm*. 


For  the  chromathermographic  separation  the  moving  temperature  gradient  was  established  by  means  of  an 
electric  oven  with  a  temperamre  drop  of  2*  per  cm  length  of  the  oven.  The  distribution  of  the  temperature  along 
the  oven  was  20  to  120*.  The  temperature  of  the  oven  with  the  column  of  diatomaceous  earth  was  kept  constant 
with  an  accuracy  of  1*.  Air  purified  from  water  vapor  and  from  acid  and  combustible  vapors  was  used  as  the 
mobile  phase.  Its  linear  velocity  was  measured  with  a  rheometer  and  was  constant  in  individual  experiments 
within  the  limits  120-200  cm /min.  All  the  experiments  were  canied  out  under  reduced  pressure. 
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TABLE  1 


Analysis  of  Hydrocarbon  Mixtures 


Composition  of 
the  mixture 


J  § 


CQ  ^ 

I5g“;| 

C! 


Found 


CO 

..o 

locq^H 

1  lO'O.  -  1 

3  . 

O  o 

O  II  . 

o  II  w 

lO  II  bO 

O  S 

II  CDJ 

1  p 

JQ 

nl  4) 

1  <Q  U 

CO  ^ 

•  •»' 

o  II  bO 
II  CD'S 
<I>U  > 


Isopentane  +  3-methyl- 
butene -1 
n- Pentane 
Pentene-1 
2  -  Me  thyl  bute  ne  - 1 
Rente  ne -2 
2-Methylbutene-2 
T'oprene 
trans-Pilerylene 
cis-Piperylene 


Propane 

Propylene 

Isobutane 

n-Butane 

Isobutylene-butene-1 

trans-Butene-2 
cis-Butene-2 
Isopentane 
3  -Methylbutene  - 1 
n- Pentane 
Pentene-1 
2  -  Methylbutene  - 1 
Rente  ne -2 

2 -Methylbutene -2 
Isoprene 


Isopentane 
n- Pentane 
Pentene-1 
2-Methylbutene-l 
Pentene-2 


2  -  Me  thy  1  b  ute  ne  -  2 
trans-Piperylene 


Ten- component  synthetic  mixture  No.  18 


30,6 

30,3 

-0,3 

29,1 

-1.5 

28,4 

—2,2 

27,7 

5,8 

5,2 

—0,6 

5,4 

-0,4 

5,6 

-0,2 

5,6 

6.2 

6,4 

+0,2 

7,1 

+0,9 

7,1 

+  0,9 

7,0 

15,4 

13,8 

-1,6 

13.7 

—  1,7 

13,6 

-1,8 

13,3 

6,1 

6,1 

0.0 

6,6 

+  0,5 

6.3 

+  0,2 

6,1 

16,3 

18,9 

+2,6 

18,7 

+  2,4 

19,0 

+  2,7 

18,7 

6,4 

6,3 

-0.1 

6,1 

—0,3 

6,3 

-0,1 

6.8 

6,5 

6,5 

0,0 

6,5 

0.0 

6.8 

+0,3 

7.4 

6,7 

6,5 

-0,2 

6.8 

+0,1 

6,9 

+0,2 

7,4 

Catalyzate  No.  17 


i  8,0 

7,3 

-0,7 

7,3 

-0,7 

8,5 

1  2,9 

+0,5 

3,5 

+  0.6 

3,9 

i  2,5 

1  2,8 

+0,3 

2,7 

+  0,2 

3,3 

1  2,1 

1  2.5 

+0.4 

2,7 

+0,6 

2,6 

i  6,0 

5,8 

-0,2 

6,1 

+0,1 

6,1 

1  1 ,4 

1  1,2 

-0,2 

1,3 

-0,1 

1,5 

1,0 

'  1.1 

+0,1 

1,3 

+0,3 

1,4 

!  33,5 

'  34,6 

+  1,1 

34,2 

+0,7 

31,8 

1  2,9 

1  2,0 

—0,3 

2,6 

-0,3 

2,8 

1  2,0 

'  2,2 

+  0,2 

2,2 

+0,2 

2,0  ! 

!  0,9 

0,9 

0,0 

0,9 

0,0 

0,8  1 

1  10,0 

!  10,0 

0,0 

9,7 

-0,3 

9,5  1 

'  2,7 

1  2,7 

0,0 

2,6 

—0,1 

3.7 

’  21,0 

21,5 

-0,5 

21  2 

-0,8 

20,0 

'  2,1 

!  1,4 

—0.7 

1,7 

—0,4 

2,1  ! 

Pentane-amylene  fraction 


54,1  1 

52,7 

—  1,4 

.52,8 

-1,3 

53,0 

13,7  1 

13,5 

-0,2 

14,0 

+  0,3 

13,7 

0,5  1 

0,5 

0,0 

0,5 

0,0 

0,5 

.2*5  j 

3,7 

+  1.2 

3,5 

+  1.0 

3,5 

10,6 

11,1 

+  0,5 

10,5 

-0,1 

10,0 

17,7  1 

17,6 

—0,1 

17,8 

+  0,1 

18,3 

0,9  j 

0,9 

0,0 

0,9 

0,0 

1.0 

-j2,0 
-0.2 
+0.8 
-2.1 
0.0 
+2,4 
+  0.4 
+0.9 
+  0.7 


-1-0.5 
+1.0 
+  0,8 
+0.5 
+0.1 
FO.l 
+0.4 

-0,1 

0,0 

-0,1 

-0,5 

-}-i,o 

—2,0 

0,0 


-1,1 
0,0 
0,0 
+  1,0 
—0,6 
+0,6 
+0,1 


TABLE  2 

Analysis  of  Synthetic  Mixtures  of  Hydrocarbons 


Components 

Taken, 
wt,  % 

Found 
weight  {fo 

Absolute 
error,  % 

(S 

a 

Components 

^  i 

H 

Found, 
weight  ,<7o 

Absolute 
error,  <70 

4 

Isopentane 

54,4 

53,7 

-0,7 

14 

Isopentane 

81,2 

80,5 

-0,7 

2- Methylbute  ne -2 

45,6 

46,3 

+0,7 

Pentene-2 

18,8 

19,5 

+0,7 

7 

Isopentane 

83,7 

83,6 

-0,1 

16 

Isoprene 

50,1 

48,9 

-1,2 

n-Pentane 

16,3 

16,4 

+-0,1 

trans-Piperylene 

49,9 

51,1 

+1,2 

8 

Isopentane 

35,0 

36,8 

+  1,8 

25 

Isopentane 

34,7 

34,3 

-0,4 

n- Pentane 

11,5 

11,8 

+0,3 

3  -  Methylbute  ne  - 1 

11,4 

11,4 

0,0 

2 -Methyl  butene -2 

35,0 

32,7 

-2,3 

2-Methylbutene-l 

13,4 

13,5 

+0,1 

2-Methylbutene-l 

18,5 

18,7 

+  0,2 

2- Methylbutene -2 

25,5 

28,1 

+2,6 

10 

Isopentane 

2-Methylbutene-l 

79,1 

20,9 

80.5 

19.5 

+  1,4 
-1.4 

Isoprene 

trans-Piperylene 

7,2 

7,8 

5,6 

7,1 

—1,6 

-0,7 

12 

Isopentane 

3 -Methylbutene-] 

83,9 

16,1 

85,8 

14,2 

+  1,9 
-1.9 

•Note:  The  area  of  the  elution  curves  was  measured  by  means  of  a  PP-2K  planimeter. 
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TABLE  3 


1 

Taken,  wt,%  • 

Found,  weight,  <7o 

S'feS- 

0) 

IS 

a 

o 

a  r.  . 
.3  E  • 

Composition 

CO 

iH 

B 

B 

§ 

fO 

CO 

B 

Max.  dev 
results  frc 
mean ,  re 

Deviation 
taken,  ^ 

Isopentane  +  3 -methyl 
butene- 1 

30,0 

30,4 

30,2 

31,1 

31,3 

28,7 

30,3 

30,3 

30,3 

5 

-0,3 

n- Pentane 

5,8 

5,1 

5,3 

5,2 

5,1 

5,2 

5,2 

5,6 

5,2 

8 

-0.6 

Pentene-1 

6,2 

6,4 

6,5 

6,8 

5,8 

6,4 

6,2 

6,6 

6,4 

9 

+0.2 

2-Methylbutene- 1 
Pentene-2 

15,4 

13,8 

13,5 

13,5 

13,1 

13,8 

14,9 

14,0 

13,8 

5 

-1,6 

6,1 

5,8 

6,3 

5,9 

6,2 

6,2 

6,2 

6,3 

6,1 

5 

0.0 

2-Methylbutene-2 

Isoprene 

16,3 

19,8 

19,6 

18,1 

19,3 

19,8 

17,6 

18,4 

18,9 

7 

+2,6 

6,4 

6,1 

5,9 

6,3 

6,4 

6,4 

6.8 

6,0 

6,3 

8 

-0.1 

trans-'^iperylene 

6,5 

6,6 

6,3 

6,2 

6,6 

7,0 

6,8 

6,1 

6,5 

8 

0,0 

cis-Piperylene 

6,7 

6,0 

6,4 

6,9 

6,2 

6,5 

7,0 

6,7 

6,5 

8 

—0,2 

TABLE  4 


Determination  of  Impurities 


Composition  of 
sample  analyzed 

Gas  benzine  1, 
weight  ^0 

Gas  benzine  II, 
weight  % 

Isopentane  horn  a  natural  gas 
condensate,  weight  *yo 

Propane 

0.1 

0.3 

— 

Isobutane 

0.5 

0.4 

— 

n-Butane 

2.4 

2.7 

1.0 

trans-Butene-2 

1.0 

1.0 

- 

cis-Butene-2 

1.9 

1.5 

— 

Isopentane 

88.6 

93.1 

98.6 

3-Methylbutene-l 

0.4 

0.8 

— 

n-Pentane 

1.0 

— 

0.4 

Pentene-1 

0.5 

- 

- 

2-Methylbutene-l 

1.1 

0.1 

- 

Pentene-2 

1.1 

- 

— 

2-Methylbutene-2 

1.4 

0.1 

— 

Determination  of  the  concentration  of  the  components  of  the  mixture  after  passing  through  the  column  was 
based  on  measurement  of  the  thermal  conductivity  of  the  gases,  and  the  presence  of  very  small  amounts  of  im¬ 
purities  was  established  on  the  basis  of  the  thermal  effect  obtained  on  burning  the  components  of  the  mixture. 

The  readings  of  the  apparatus  were  automatically  recorded  by  means  of  an  EPP-09  potentiometer  with  a  10  mil¬ 
livolt  scale.  An  analysis  took  about  2  hoius.  From  5  to  15  ml  of  the  air-hydrocarbon  mixture  prepared  beforehand 
horn  the  test  samples  was  taken  for  an  analysis.  The  order  and  elution  time  of  the  hydrocarbons  were  established 
by  means  of  individual  components,  and  from  the  analysis  of  synthetic  mixtures.  The  calibration  curves  for  the 
apparatus  were  used  for  calculating  die  composition  of  the  mixtures.  The  contmt  of  each  component  in  a  mixture 
was  calculated  on  the  basis  of  the  ratio  of  the  area  under  the  peak  of  a  particular  component  to  the  total  area 
under  all  the  peaks  on  the  chromatogram. 

Treatment  of  the  Elution  Curves.  For  characterizing  the  degree  of  chromatographic  separation,  the  adsorption 
coefficient  G,  the  width  of  the  band  of  the  adsorbate  fi,  the  distance  between  the  maxima  on  the  elution  curve 
Ax,  and  die  partition  factor  Kj  [14]  are  of  essential  importance. 
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Fig.  4.  Chromatograms  for  complex  hydrocarbon  mixtures:  a)  Synthetic  mixture 
No.  18;  b)  catalyzate  from  isopentane  dehydrogenation;  c)  pentane-amylene 
fraction  from  catalytic  cracking  benzine;  d)  gas  benzine  I  bp.  20-39*. 


An  important  element  in  chromatographic  analysis  is  the  deciphering  of  the  elution  curve,  which  depends 
on  the  physicochemical  magnitudes  indicated.  The  best  assessment  of  the  content  of  the  components  in  a  mixture 
can  be  obtained  by  measuring  the  area  under  the  elution  curve.  Direct  measurement  of  die  area  is  simple  in  the 
case  where  complete  separation  of  a  mixture  has  been  effected.  The  errors  increase,  however,  when  it  is  necessary 
to  determine  low  concentrations  and  where  the  peaks  on  the  curve  overlap  each  other.  Various  techniques  are 
used  for  measuring  the  areas.  For  example  |15]  the  measurement  of  the  area  of  the  curve  is  replaced  by  determining 
die  concentration  at  the  maximum  of  the  elution  curve.  In  this  case  it  becomes  necessary  to  ensure  strict  obser¬ 
vation  of  the  experimental  parameters  and  of  the  calibration  for  all  the  individual  components  of  a  mixture.  In 
some  papers  [16]  the  area  of  a  bell-shaped  peak  is  calculated  by  measuring  the  area  of  a  triangle,  approximating 
in  area  to  that  of  die  peak,  the  area  being  taken  as  the  products  of  the  peak  height  and  the  width  of  the  peak  at 
the  point  where  the  concentration  C  =  0.5  Cjjjax  •  Such  an  approximation  is  quite  sufficient  when  the  components 
of  the  mixture  are  completely  separated.  However,  it  is  not  applicable  in  practice  when  the  partition  factor 
Ki<  1/2  [141 

In  die  present  article  a  method  for  decipering  the  elution  curve  is  suggested  which  is  based  on  the  assumption 
that  the  Gaussian  distribution  is  applicable  to  the  linear  adsorption  [17]. 

C  =  (1) 

The  value  of  p  determines  the  degree  of  band  spreading  and  depends  on  die  experimental  parameters,  while 
x  “  V  -  VuiJ  here  V  and  Vm  are  the  volumes  of  the  carrier  gas  corresponding  to  a  given  concentration  C  of  a 
material  and  the  concentration  of  the  material  at  the  maximum  of  the  curve  Cjnax*  ^  obvious  that  the  amount 
of  die  components  of  a  mixture  q  can  be  calculated  by  means  of  die  following  equation: 
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+0C. 

== 


■fi-p^’dx  —  Cr, 


/f 


(2) 


Thus,  in  order  to  determine  the  composition  of  a  mixture,  it  is  necessary  to  measure  Cmax  and  p.  The  width 
of  the  band  p  is  characterized  by  the  degree  of  band  spreading  p.  Accordingly,  in  order  to  find  the  area  of  the 
elution  curves  it  is  expedient  to  measure  Cmax  and  the  width  of  the  band  ^  corresponding  to  the  various  values  of 
the  concentration  C. 


When  good  resolution  of  the  components  of  a  mixture  is  achieved  (Ki>  1)  the  band  width  should  be  determined 
at  die  point  where  C  =0.5  Cmax*  of  the  elution  curve  can  be  calculated  on  the  basis  of  measurements 

of  and  Po.s*  hi  a  general  form,  the  area  3,  corresponding  to  a  given  amount  of  a  component  in  a  mixture, 
will  be  determined  by  the  expression: 


/CeCmaxP-o. 

where  is  the  proportionality  constant,  and  Pg  is  the  width  of  the  band  corresponding  to  a  given  point  of  the 
curve  at  which  the  ratio  c/Cmax  “  values  of  0  equal  to  0.5,  0.75,  and  0.9,  the  coefficient  K  0,  as  calcu¬ 

lations  show,  has  the  values  1.065,  1.66,  and  2.73,  respectively. 

In  order  to  calculate  the  area  of  the  elution  curve,  which  depends  on  the  degree  of  separation  of  the  com¬ 
ponents  of  a  mixture,  it  is  necessary  to  choose  the  appropriate  value  of  K0  and  the  value  of  p  0  conesponding  to 
it  from  the  diree  values. 

In  order  to  check  on  the  suggested  technique  of  calculating  the  composition  of  a  mixture  the  area  was  cal¬ 
culated  in  parallel  by  different  methods.  Such  calculations  were  made  for  the  synthetic,  ten-component  mixture 
No.  18  (Table  1);  the  results  of  such  calculations  showed  that  calculations  made  on  the  basis  of  equation  (3),  using 
various  values  of  K  0  ^  give  satisfactory  agreement  with  each  other,  and  also  give  satisfactory  agreement  widi  the 
results  obtained  by  measuring  the  area  with  a  planimeter,  and  also  with  the  known  composition  of  the  synthetic 
mixture.  The  same  result  was  obtained  on  treating  about  30  elution  curves  for  catalyzates  obtained  by  the  dehy¬ 
drogenation  of  isopentane  and  light  benzine  fractions.  Examples  of  these  calculations  are  shown  in  Table  1. 

Investigation  of  Synthetic  Mixtures.  The  experimental  data  obtained  during  analysis  of  syntiietic  mixtures 
are  given  in  Table  2.  The  results  given  indicate  satisfactory  analytical  results  for  binary  and  more  complex  hydro¬ 
carbon  mixtures,  consisting  of  C5  paraffins,  olefins,  and  both  normal  and  iso-dienes.  Of  all  die  combinations  of 
hydrocarbons  (Table  2)  only  two  of  them,  namely:  3-methylbutene-l  and  isopentane  could  not  be  separated  under 
the  conditions  employed.  However,  this  pair  of  hydrocarbons  can  be  clearly  separated  by  chromathermography  on 
alumina  (linear  velocity  of  air  cunent  120  cm/min  when  the  heat  field  is  moved  at  a  rate  of  7.1  cm/ min  )  or  on 
a  gas-liquid  chromatographic  column  filled  with  diatomaceous  earth  carrying  petroleum  jelly  oil  as  the  stationary 
phase. 

In  Fig.  2  is  shown  the  separation  of  mixture  No.  12  under  chromathermographic  conditions.  The  use  of  the 
second  technique  for  determining  3-methylbutene-l  and  isopentane  when  they  are  present  together  in  a  mixture 
is  illustrated  on  the  chromatograms  for  the  complex  mixture  of  C5  hydrocarbons  (mixture  No.  25,  Fig.  3).  In  the 
upper  part  of  this  diagram  separation  of  the  mixture  on  two  sorbents  is  shown.  Here  3-methylbutene-l  and  isopentane 
ate  not  separated  but  form  a  common  peak.  In  the  lower  part  of  die  diagram  the  separation  of  die  mixture  on  a 
3.5  meter  column  of  diatomaceous  earth  impregnated  with  petroleum  jelly  oil  is  shown.  In  this  part  of  the  diagram 
there  ate  two  peaks  corresponding  to  isopentane  and  3-methylbutene-l. 

The  analysis  of  an  even  more  complicated  mixture,  namely  No.  18,  and  also  the  reproducibility  of  the  results 
are  shown  in  Table  3.  The  results  given  indicate  the  satisfactory  reproducibility  of  a  determination  within  the 
limits  of  5-9%  relative.  The  chromatogram  of  this  mixture  is  given  in  Fig.  4a,  in  which  is  clearly  seen  the  sepa¬ 
ration  of  die  components  of  die  mixture,  and  the  order  in  which  they  emerge. 

From  the  analytical  results  adduced  for  the  synthetic  mixtures  it  follows  that  the  mean  maximum  deviation 
amounts  to  about  10%  relative,  whereas  the  deviaticxi  from  the  concentrations  of  the  components  taken  varies 
from  0  to  2.6%  absolute,  depending  on  the  value  of  the  concentrations  of  the  hydrocarbons. 
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Chromatographic  Study  of  the  Products  from  the  Dehydrogenation  of  Isopentane  and  Light  Benzine  Fractions. 

35  catalyzates  from  the  dehydrogenation  of  isopentane,  obtained  in  the  temperature  range  500-550“  and  at  volume 
rates  of  0.5-2  hr  were  examined  on  the  universal  chromathermographic  apparatus.  As  an  example  there  is 
shown  in  Fig.  4b  the  elution  curve  for  catalyzate  No.  17  obtained  on  an  alumochrompotassium  catalyst  at  550“, 
and  a  volume  rate  of  1  hr  Under  the  analytical  conditons  used, only  isobutylene  and  butene-1  were  not  separated. 

The  detailed  quantitative  composition  of  the  catalyzate  is  given  in  Table  1. 

Since  the  qualitative  composition  of  the  catalyzates  studied  is  similar  to  the  composition  of  light-cracking 
benzines,  a  study  was  made  of  a  number  of  benzine  fractions  whose  boiling  ranges  are  similar  to  those  of  the  test 
hydrocarbons.  For  example,  the  pentane- amylene  fraction  of  catalytic  cracking  benzine  with  a  boiling  range  of 
26-39“  (dl®  0.6335,  n®  1.3651;  unsaturated  hydrocarbons  content  calculated  from  the  bromine  number  33.8,  and 
from  the  chromatogram  32.2  weight *7o),  was  analyzed.  The  analytical  results  are  given  in  Table  1  and  in  Fig.  4c. 

Results  of  a  study  of  die  composition  of  catalyzates  obtained  during  dehydrogenation  of  isopentane  and  benzine 
fractions  will  be  published  later  in  more  detail. 

Determination  of  Impurities.  A  very  important  problem  in  the  study  of  the  catalytic  processes  of  treating 
hydrocarbons  is  the  determination  of  small  amounts  of  impurities  in  the  basic  products. 

The  universal  apparatus  permits  detection  of  very  small  amounts  of  materials, thanks  to  the  application  of 
chromathermography  [17].  The  concentration  of  materials  occurs  during  chromathermographic  separation  because 
of  the  compression  of  the  band  of  adsorbate.  When  only  10-15  ml  of  gas  is  introduced  onto  the  adsorbent,  as  the 
present  investigation  showed,  it  is  even  possible  to  determine  tenths  of  a  percent  of  an  impurity  in  the  basic  product. 
When  large  volumes  of  gas  are  used  (100-200  ml),  it  is  possible  to  detect  hundredths  and  thousandths  of  a  percent 
of  an  impurity.  For  this  purpose  light  benzine  obtained  by  catalytic  cracking  was  fractionated  on  a  laboratory 
column,  and  the  20-39“  fraction  (gas  benzine  I)  and  the  20-27“  fraction  (gas  benzine  II)  were  collected.  These 
benzine  fractions  were  studied  by  means  of  the  universal  chromathermographic  apparatus.  At  the  same  time,  iso¬ 
pentane  obtained  from  a  natural  gas  condensate  was  analyzed. 

Results  of  the  study  of  the  impurities  are  given  in  Table  4.  They  indicate  that  even  on  analyzing  only  10 
ml  of  an  air-hydrocarbon  mixture,  it  is  possible  to  detect  tenths  of  a  percent  of  an  impurity.  The  general  ap¬ 
pearance  of  the  chromatogram  for  the  hydrocarbon  mixture  containing  impurities  is  shown  in  Fig.  4b,  d. 

SUMMARY 

A  technique  has  been  developed  for  analyzing  C5  hydrocarbon  on  a  universal  apparatus,  in  which  chroma¬ 
thermography  is  combined  with  gas  liquid  chromatography. 

A  simple  method  is  suggested  for  calculating  the  composition  of  hydrocarbon  mixtures  from  the  chroma¬ 
tograms  corresponding  to  complete  as  well  as  to  incomplete  resolution  of  the  components. 

It  has  been  shown  that  by  the  combined  use  of  chromathermography  and  gas  liquid  chromatography  it  is 
possible  to  establish  accurately  the  composition  of  catalyzates  obtained  by  dehydrogenation  of  isopentane,  and 
the  composition  of  light  benzine  fractions,  and  to  determine  small  amounts  of  impurities  in  them. 
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E.  N.  Gapon  and  I.  M.  Belen’kaya  p.]  while  considering  the  basic  laws  of  precipitation  chromatography  of 
ions  emphasize  that  the  sequence  of  the  distribution  of  precipitates  in  chromatograms  depends  primarily  on  whether 
the  mixture  to  be  chromatographed  is  poured  into  the  column  containing  the  precipitant,  or,  on  the  other  hand, 
whether  the  precipitant  is  poured  into  the  column  containing  the  mixture.  Qi  the  basis  of  experimental  results 
obtained  during  the  separation  of  certain  cations  in  the  form  of  their  iodides  (equimolar  solutions  of  the  cations, 
in  which  their  ratio  of  concentration  ranges  from  1 : 9)  the  authors  established  that  in  die  first  case  the  order  of 
the  distribution  of  the  zones  in  the  chromatograms  is  determined  by  the  solubility  product.  It  is  considered  thereby 
P]  that  the  order  of  the  zones  does  not  only  depend  on  the  concentration  of  the  precipitant  in  the  column,  but 
also  on  the  concentrations  and  ratios  of  the  concentrations  of  the  ions  to  be  chromatographed  in  the  mixture.  On 
the  other  hand,  it  is  known  [2]  that  during  the  precipitation  of  mixtures  of  ions  from  solution  by  some  precipitant, 
the  order  in  which  precipitates  is  formed  depends  not  only  on  the  amount  present  but  also  on  the  ratio  of  the 
concentrations  of  the  materials  in  solution.  This  conclusion  is  also  applicable  to  precipitation  chromatography. 

In  order  to  clarify  the  effect  of  the  ratio  of  the  original  concentrations  of  the  ions  to  be  chromatographed 
on  the  chromatographic  process,  let  us  consider  the  following  example.  If  we  have  a  mixture  of  salts  MjX  and 
MgX  and  we  precipitate  them  by  means  of  a  common  precipitant  RZ,  then  the  following  reactions  will  occur: 


MiX  +  RZ  =  MiZ  4-  RX 
MaX  +  RZ  =  MjZ  +  RX. 

In  a  saturated  solution  of  these  salts  the  following  equilibriums  are  established: 


[Mil  [Z]  =hsMiZ 


[Ma]  [Z]=L 


sMjZ 


Since  both  precipitates  are  in  contact  with  the  same  solution,  the  equilibrium  concentration  of  the  pre¬ 
cipitating  ion  should  siniultaneously  satisfy  both  equations.  Dividing  one  equation  by  the  other,  we  get: 

In  a  saturated  solution  the  ratio  of  the  concentrations  of  the  substances  M|X  and  MgX  is  a  constant,  and 
any  breakdown  in  this  ratio  leads  to  a  process  which  will  restore  it.  Under  such  conditions,  if  the  ratio  of  the 
concentrations  of  the  substances  is  1:1,  then,  depending  on  die  amount  of  the  precipitates  obtained,  we  will 
have  the  following  three  cases: 
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order 

then, 


a)  Lgj^  ^  <  LsMj  Z.  In  this  case,  according  to  Equation  (1),  MjZ  is  first  formed,  and  then  M^Z, 

Z  ^  ^®M2Z*  reverse  of  the  first  case, 

^MjZ  ^sM2Z*  precipitates  of  the  materials  will  be  obtained  simultaneously. 

When  the  materials  are  precipitated  in  a  chromatographic  column  previously  soaked  with  precipitant,  the 
of  formation  of  the  zones  will  depend,  in  all  cases,  on  the  value  of  the  solubility  product,* 

When,  however,  the  ratio  of  the  original  concentrations  is  not  equal  to  1 : 1,  but  changes  within  wide  limits 
depending  on  the  values  of  the  solubility  product,  we  will  have  the  following  cases: 

1.  For  <  Lsj^2 


a)  [Mj]  >  [M2],  accordingly  [M2]/[M2]  >  K  =  X, 

It  follows  from  Equation  (1)  that  during  chromatographic  separation  of  such  a  mixture,  will  be  precipi¬ 
tated  first,  as  a  result  of  which  the  concentration  [Mj]  will  decrease.  At  the  point  where  the  Relation  (1)  is  ob¬ 
tained,  simultaneous  precipitation  of  MjX  and  M2X  will  start.  Precipitation  of  the  two  Ions  will  finish  simultan¬ 
eously.  During  chromatographic  separation  two  zones  will  be  obtained,  the  first  consisting  of  a  precipitate  of  MjZ, 
and  a  second  zone  consisting  of  a  mixture  of  the  two  precipitates  M^Z  and  M2Z,*  * 


b)  [Mj]  =  [M2],  accordingly  [Mi]/[M2]  >  K  =  \i. 


This  case  can  be  related  to  the  first. 


c)  [Mj]  <  [M2],  accordingly  [Mi]/[M2]  =  K. 

It  follows  from  Equation  (1)  that  precipitation  of  materials  M^X  and  M2X  starts  and  finishes  simultaneously. 
During  chromatographic  separation,  only  one,  a  mixed  zone  of  the  precipitates  MjZ  and  M2Z,  Is  obtained,  1.  e., 
separation  of  these  materials  is  impossible, 

d)  [Mj]  «  [h/^],  accordingly,  [Mi]/[M2]  <  K  =  X2. 

In  this  case  material  M2Z  Is  first  precipitated  until  Equation  (1)  Is  satisfied,  after  which  simultaneous  preclp 
Itatlon  of  both  MiX  and  M2X  starts.  As  a  result  of  a  chromatographic  separation  a  pure  zone  consisting  of  a  pre¬ 
cipitate  of  M2Z  Is  obtained,  together  with  a  mixed  zone  consisting  of  precipitates  MjZ  and  M2Z. 

2.  For  >  ^^M2Z  same  phenomena  are  observed  In  the  reverse  order. 

3.  For  “  ^M2Z  following  three  cases  are  possible. 

a)  [Mj]  >  [M2],  accordingly  [Mi]/[M2]  >  K  =  X*. 

According  to  Equation  (1),  during  chromatographic  separation,  a  pure  zone  consisting  of  M^Z  is  formed, 
followed  by  a  mixed  (1:1)  zone  consisting  of  MjZ  and  M2Z. 

b)  [Mj]  =  M2],  accordingly  [M1MM2]  =  K. 

In  this  case,  during  chromatographic  separation,  there  Is  formed  a  mixed  zone  (1:1)  consisting  of  precipi¬ 
tates  MjZ  and  M2Z. 

c)  [Mj]  <  [K^],  accordingly  [Mi]AM2]  -<)K  =  X^. 

This  case  Is  the  reverse  of  the  first. 


We  have  been  able  to  establish  these  conclusions  experimentally  during  the  separation  of  components. 

In  the  first  series  of  experiments  we  used  4QPjo  solutions  of  KI  and  KBr  and  a  0.5  N  solution  of  AgNC^.  In 
the  second  series  2(ylo  solutions  of  KBr  and  KCl  and  a  0.1  N  AgNC^  solution  were  used.  Precipitation  was  carried 


*It  Is  assumed  here  that  no  other  factors  such  as  adsorption,  coprecipitation,  hydrolysis,  complex  formation,  etc., 
are  operative. 

•  ‘The  amount  of  MjZ  in  the  second  zone  will  depend  on  the  difference  in  the  solubility  products  Ls  of  the  pre¬ 
cipitates.  For  large  differences  In  the  solubility  products  the  second  zone  can  be  considered  in  practice  as  con¬ 
sisting  only  of  substance  M2Z. 
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out  on  Schleicher- Schull  paper  2043-b  Impregnated  beforehand  with  the  precipitant.  At  ratios  of  the  concentra¬ 
tions  of  the  Ions  Tt  Br"  up  to  1 : 2.06  X  lo’*  the  order  In  which  the  zones  were  formed  depended  on  L|  (the  yellow 
zone  of  Agl  was  formed  first,  this  being  followed  by  the  grayish-blue  zone  of  AgBr.*  *  When  the  ratio  of  the  con¬ 
centrations  was  1 : 2.06  x  10*  a  mixed  zone  of  the  two  precipitates  was  obtained,  while  above  this  ratio,  the  order 
of  the  zones  changed.  The  same  phenomena  were  observed  during  separation  of  Br**  and  Cl~  Ions,  the  only  differ¬ 
ence  being  that  the  shift  In  the  position  of  the  zones  occured  at  a  ratio  of  the  concentratlom  of  the  Ions  Br~ :  Cl'* 
greater  than  1 : 0.34  x  10*.  *  **  Similar  experiments  with  precipitates  having  the  same  values  for  their  solubility 
product  were  not  carried  out  because  we  could  not  choose  Ions  which  would  give  differently  colored  precipitates. 

The  fundamental  law  of  precipitation  chromatography  [3]  should  be  formulated  as  follows:  any  material 
(precipitant)  capable  of  Interacting  with  a  solution  of  a  series  of  other  materials  (the  materials  being  chromato¬ 
graphed)  placed  on  any  highly  dispersed  material  (carrier),  will  form  a  precipitation  chromatogram,  as  long  as 
the  solubility  products  of  the  precipitates  differ  from  each  other,  and  the  ratio  of  the  original  concentrations  of 
the  materials  In  the  mixture  being  chromatographed  satisfies  certain  definite  values. 

SUMMARY 

A  necessary  condition  for  the  almost  complete  separation  of  two  materials  by  means  of  precipitation  chroma¬ 
tography  Is  that  there  should  be  a  difference  between  the  solubility  products  of  the  precipitates  formed;  the  order 
In  which  the  zones  on  the  chromatogram  are  formed  depends  on  the  solubility  product. 

A  difference  In  the  solubility  products  of  the  precipitates  formed  Is  a  necessary,  but  not  a  sufflclent  condi¬ 
tion  for  their  separation.  The  ratio  of  the  original  concentrations  of  the  materials  to  be  separated  chromatographl- 
cally  also  affects  the  separation  of  the  materials  and  the  order  In  which  the  zones  are  formed. 

During  the  separation  of  a  mixture  of  materials  by  means  of  precipitation  chromatography,  apure  zone  will 
only  be  obtained  for  that  material  which  has  the  lowest  solubility  product. 
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•The  difference  between  the  solubility  product  Lj  of  Agl  and  AgBr  Is  2.1  x  10"* 

•  •  Observations  of  the  chromatograms  should  be  made  Immediately  after  development,  since  secondary  phenom¬ 
ena  appear  as  time  elapses. 

•  •  ‘The  difference  between  the  solubility  product  Ls  of  AgBr  and  AgQ  Is  0.34  X  10“*. 

•  •  •  •Original  Russian  pagination.  See  C,  B.  Translation, 
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PHOTOMETRIC  DETERMINATION  OF  NAPHTHIONIC 
ACID  IN  TECHNICAL  1,4-NAPHTHOLSULFONIC  ACID 
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The  K.  E.  Vososhilov  Scientific  Research  Institute  of 
Organic  Intermediate  Products  and  Dyes,  Moscow 


1,  4-Naphtholsulfonic  acid  which  is  used  in  dye  production  is  obtained  by  Bucherer's  method  pL]  from 
naphthionic  acid;  the  product  obtained  invariably  contains  a  few  percent  of  the  original  naphthionic  acid.  Two 
mediods  have  been  suggested  for  determining  the  latter  [2,  3].  These  methods  are,  however,  not  sufficiently 
accurate  and  sensitive.  The  photometric  method  we  would  like  to  put  forward  differs  from  that  of  A.  L  Nelyubina 
[3]  in  the  following  respects:  the  amount  of  nitrite  taken  is  sufficient  for  complete  diazotization  of  the  amino- 
sulfonic  acid  and  for  the  nitrosation  of  the  hydroxysulfonic  acid;  the  azo  component  chosen  is  1,  8-aminonaphthol- 
-2,4-disulfonic  acid  (acid  CC)  with  which  is  obtained  a  purple  dye  differing  strongly  in  shade  from  the  orange- 
yellow  of  the  C-nitroso  compound;  the  concentration  of  the  dye  is  measured  photometrically,  a  yellow  filter 
being  introduced  for  excluding  absorption  of  the  nitroso  compound.  In  this  form  the  method  also  proved  to  be 
suitable  for  studying  the  kinetics  of  the  Bucherer  reaction.  The  method  can  also  be  used  in  other  cases  where  it 
is  necessary  to  determine  primary  aromatic  amines  in  mixtures  with  hydroxy  derivatives. 

The  absorption  maximum  of  solutions  of  the  dye  is  located  at  540  infi;  however,  the  nitrqso  compound  also 
absorbs  strongly  in  this  region;  accordingly,  during  measurement  of  the  optical  density,  a  yellow  filter  with 
maximum  transmission  at  about  580  mp  was  used. 

The  optimum  medium  for  canying  out  azo  coupling  proved  to  be  a  bicarbonate  buffer  solution  with  a  pH 
of  7.5.  The  coupling  itself  finishes  rapidly,  but  on  allowing  the  dye  solution  to  stand  for  several  hours  irreversible 
changes  occur  which  become  manifest  in  an  increase  in  the  optical  density. 

Determination  of  Naphthionic  Acid  in  the  Finished  Product 

The  nitroso  compoimd  from  1,  4-naphtholsulfonlc  acid  absorbs  light  passed  by  the  yellow  filter  =579m/i) 
to  a  measurable  extent.  Accordingly,  during  construction  of  the  calibration  curve  and  when  carrying  out  deter¬ 
minations,  the  naphtholsulfonlc  acid  concentration  of  the  solutions  should  be  constant.  During  the  analysis  of 
technical  samples  this  requirement  can  only  be  fulfilled  approximately,  since  normally  only  the  nitrite  number  Is 
known  and  this  only  characterizes  the  total  content  of  both  sulfonic  acids;  the  enor  arising  from  this  circumstance, 
however,  can  be  Ignored,  ' 

The  following  original  solutions  are  prepared  in  order  to  construct  a  calibration  curve:  I)  0.2  N  NaNO^ 
solution;  II)  0.02  M  sulfonic  acid  CC  (the  azo  component);  III)  0.002  M  sodium  naphthionate;  IV)  a  solution  of 
zinc  salt  of  1,4-naphtholsulfonic  acid  (0,01  equivalents/liter).  50  ml  lots  of  solution  IV  are  taken  and  the  following 
amounts  of  solutions  III: 

Volume  of  solution  III,  ml 

Ratio  of  naphthionic  acid 

to  naphtholsulfonlc  acid,  % 

To  the  mixture  obtained  is  added  50  ml  of  water  and  the  solution  heated  to  40-50*.  Almost  all  the  requisite 
amount  of  nitrite  (2.3  ml)  is  then  added;  this  is  followed,  with  stirring,  with  2  ml  of  concentrated  hydrochloric 
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Fig.  1.  Calibration  curve  for  determination  of  naph- 
thionic  acid  in  1,  4-naphtholsulfinic  acid. 


B 


Naphthlonlc  acid  concentration, 
mole/llier  x  10® 


Fig.  2.  Calibration  curve  for  determination  of  the  content 
of  naphthionic  acid  in  a  reaction  mass  during  the 
Bucherer  reaction. 


acid;  the  solution  is  finally  titrated  with  nitrite  until  there  is  a  distinct  reaction  to  iodide-starch  paper  after  10 
minutes.  A  quantity  equaling  (m  +  1)  500-ml  standard  flasks  are  taken  for  in  synthetic  mixture.  Into  each  of 
them  is  introduced  5  ml  of  solution  II,  100  ml  of  water,  and  3  g  of  NaHC03  and  the  whole  shaken  up  until  the 
latter  has  dissolved;  jn^  flasks  are  used  for  coupling,  for  this  purpose  into  each  flask  is  poured  slowly,  with  stirring, 
one  of  the  prepared  portions  of  diazo  compound.  After  20  minutes  the  volume  is  made  up  to  the  mark  with 
water.  The  solutions  obtained,  containing  the  dye  and  the  nitroso  compound,  have  colors  ranging  from  brownish- 
yellow  to  intense  red. 

The  remaining  flask  is  used  for  comparison;  water  is  added  to  it  to  bring  the  volume  to  the  mark. 

In  order  to  measure  the  optical  density  on  the  TsZ-A  apparatus  all  the  solutions  (including  the  reference 
solution)  must  be  diluted  five  times.* 

The  optical  density  of  the  solutions  is  measured  and  a  calibration  curve  constmcted  (Fig.  1). 

During  the  analysis  of  an  unknown  sample  the  total  content  of  both  sulfonic  acids  is  determined  by  the 
nitrite  method  (q'7o).  An  aliquot  of  246.2  x  0.005  x  100 /q  is  taken  and  dissolved  in  500  ml;  if  there  should  be 
any  turbidity  this  is  filtered  off;  50  ml  of  the  solution  is  treated  in  exactly  the  same  way  as  described  above, 
and  from  the  optical  density  found,  the  naphthionate  content  is  determined  by  means  of  the  calibration  curve. 

The  experimental  accuracy  is  characterized  by  a  mean  absolute  error  of  ±  0.1%  and  a  maximum  error  of 
±  0.25%. 

Determination  of  the  Naphthlonlc  Acid  In  a  Reaction  Mass 

Control  of  the  first  stage  of  the  Bucherer  reaction  is  of  practical  Interest.  In  this  case  It  Is  necessary  to  take  Into 
account  the  presence  in  the  reaction  mass  (apart  from  unreacted  naphthionic  acid)  of  the  bisulfite  compound 
which  is  colorless  and  does  not  react  with  HNOj,  and  of  bisulfite  which  is  taken  in  a  twofold  excess.  Special 
tests  showed  that  naphfriolsulfonic  acid  was  absent. 

The  presence  of  bisulfite  does  not  affect  the  yield  of  dye.  Reproducible  and  reasonably  accurate  results 
are  obtained.  In  the  presence  of  NaHSQs  the  scatter  in  the  values  of  the  optical  density  is  of  the  same  order  as 
in  its  absence. 

Determination  of  the  naphthionic  acid  in  the  reaction  mass  can  be  carried  out  in  the  main  by  the  procedure 
described  in  the  previous  section.  In  this  case,  however,  the  standard  solutions  should  contain  a  known  amount 


•When  a  F^K -M  apparatus  is  used  with  a  cuvette  whose  length  is  10  mm  there  is  no  need  to  dilute. 
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of  bisulfite  instead  of  naphtholsulfcnic  acid;  in  actual  practice  50  ml  lots  of  solution  were  taken  containing  0.44 
g/ liter  of  NaHSQs.  ki  order  to  measure  &e  optical  density  on  tiie  TsZ-A  apparatus  it  is  expedient  to  dilute  die 
dye  solutions  10  times.  In  constmctlng  the  curve  in  diis  case  it  is  more  convenient  to  plot  the  concentration 
( in  the  undiluted  solution)  of  die  dye  in  mole/liter  along  the  abscissa.  The  curve  (Fig.  2)  is  appreciably  curved 
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DETERMINATION  OF  THE  EXCHANGE  CAPACITY  OF  ION 
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Recently,  several  authors  (1]  have  suggested  the  use  of  the  isotope  dilution  method  for  determining  the  value 
of  the  toal  ion  exchange  capacity  of  ion  exchange  resins.  The  use  of  this  method  is  particularly  expedient  for 
smdying  natural  sorbents.  Actually,  natural  ion  exchange  resins  of  the  clay  type  readily  form  colloidal  solutions. 
As  a  consequence  of  this,  the  capacity  of  such  sorbents  cannot  be  found  either  on  the  basis  of  the  elution  curve  or 
on  the  basis  of  the  adsorption  isotherm.  The  insufficient  stability  of  ion  exchange  resins  —  which  are  aluminosili¬ 
cates  or  humates  —  with  respect  to  concentrated  solutions  of  acids  or  alkalis,  excludes  the  possibility  of  converting 
the  sorbent  into  the  IF*'  or  OH**  forms,  as  a  result  of  which  determination  of  the  capacity  of  acid-base  titration  is 
impossible.  As  for  establishing  the  capacity  of  aluminosilicates  by  chemical  analysis,  this  is  out  of  the  question 
in  the  case  of  certain  elements,  since  it  is  not  known  which  part  of  the  ions  enter  into  the  aluminosilicate  skeleton 
of  the  sorbent  and  which  part  is  found  in  the  ion  exchange  state. 

Determination  of  the  capacity  of  a  sorbent  by  the  ion  exchange  method,  or,  more  accurately  by  the  method 
of  isotope  dilution  consists  of  the  following:  A  certain  amount  of  the  ion  exchange  resin  in  a  definite  form,  (i-.e., 
associated  with  a  certain  element  or  group)  is  placed  in  a  solution  containing  the  isotope  of  the  same  element  in 
the  form  of  which  the  sorboit  is  found.  As  a  result  of  isotopic  exchange,  in  which  only  the  ions  which  are  capable 
of  being  exchanged  participate,  the  specific  activity  of  the  solution  decreases.  When  a  state  of  equibibrium  has 
been  reached,  the  specific  activities  of  the  element  in  solution  and  in  the  sorbent  are  the  same,  and  the  value 
of  the  exchange  capacity  of  the  sorbent  can  be  calculated  by  means  of  the  formula: 

S  =  {k—  i)-bfp, 

where  S  is  the  value  of  the  total  exchange  capacity  of  the  sorbent  in  mg-equivalents/gj  ]c  is  the  ratio  of  the 
initial  radioactivity  of  the  solution  to  the  final  radioactivity,  ^  is  the  content  of  the  element  in  the  whole  volume 
of  the  solution  in  mg.  equivalents,  and  £  is  the  weight  of  the  sorbent  in  g. 

The  capacity  of  various  samples  of  soils  and  earths  established  by  a  colloidal-chemical  method  and  by  the 
isotope  dilution  method  is  almost  the  same  [2]. 

Our  aim  was  to  determine  the  capacity  of  certain  natural  and  synthetic  ion  exchange  resins  by  the  isotope 
dilution  method,  and  to  compare  the  results  obtained  with  the  result  of  a  direct  acid  —  base  titration  (Table  1), 
The  cation  exchange  resins  KU-2  and  wofatite  KS  were  used  as  test  materials. 

Aliquots  of  the  sorbents  in  the  hydrogen  form  were  titrated  with  Ca(OH)2  using  phenolphthalein  as  an  in¬ 
dicator.  As  a  result  of  this,  the  resins  were  converted  into  the  calcium  form,  and  the  capacity  of  the  resins  cal¬ 
culated  on  the  basis  of  the  titration  results  obtained.  Subsequently,  the  same  samples  of  resin  were  brought  into 
contact  with  50  ml  of  a  solution  of  CafNQs  >2  containing  Ca^  and  having  a  pH  of  9.  A  state  of  equilibrium  was 
attained  in  3-6  hours. 

By  finding  the  ratio  of  the  initial  radioactivity  of  the  solution  to  its  equilibrium  radioactivity,  die  coef- 
fici^t  K  is  determined,  and  knowing  this,the  exchange  capacity  of  the  resin  was  calculated. 
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TABLE  1 


TABLE  2 


Exchange  Capacity  of  the  Cation  Exchange  Resins  KU-2 
and  Wofatite  KS,  as  Determined  by  Titration  and  by  the 
Isotope  Dilution  Method 


Determination  of  the  Exchange  Ca¬ 
pacity  of  Glauconite  and  Montmoril- 
lonite  by  the  Isotope  Dilution  Method 


Cation  ex- 

Wt.  of 

edacity. of  the  rpsin. 

change 

resin 

sorbent, 

g 

titration 

Isotope 

dilutidn 

method 

KU-2 

» 

0,100 

0,150 

0,300 

3,98 
3,98 
4,04 
Mean  4,00 

3.92 
3,91 
3,95 

3.93 

Wofatite  KS 

» 

» 

0,200 

0,305 

0,601 

1 

2,56 
2,58 
2,54 
Mean  2,56 

2,54 

2,53 

2,48 

2,53 

Sorbent 

Wt.  of 
sorbent,  g- 

Capacity, 

Glauconite 

» 

2,000 

2,000 

2,000 

0,153 
0,156 
0,154 
Mean  0,154 

MontmoriJ- 

lonite 

0,500 

1,000 

0,497 

0,499 

Mean  0,498 

The  isotope  dilution  method  permits  a  fairly 
accurate  determination  of  the  capacity  of  ion  ex¬ 
change  resins  (Table  1).  We  used  this  method  for 

determining  the  exchange  capacity  of  some  natural  ion  exchange  resins-glauconite  from  the  Voskresenskii  Chemical 
Combine  and  montmorillonitefrom  the  Brayanskii  deposit  (Czechoslovakia).  The  capacity  of  the  glauconite  was 
determined  by  means  of  cesium  and  that  of  themontmorillonite  was  determined  with  the  aid  of  calcium.  In  order 
to  convert  the  sorbents  into  the  appropriate  forms,  aliquots  of  these  sorbents  were  successively  treated  with  solutions 
of  the  corresponding  salts  in  such  a  way  that  the  solution  after  treatment  of  the  first  aliquot  of  sorbent  was  then 
used  for  treating  another  aliquot,  etc.  Montmorillonitewas  treated  under  static  conditions,  and  glauconite  was 
converted  into  the  cesium  form  in  columns.  Each  of  the  samples  was  then  carefully  washed  with  water  to  remove 
excess  salt  and  was  subjected  to  isotope  exchange  by  the  technique  described  above.  In  those  cases  where  the 
calculated  values  of  the  capacity  of  the  sorbents  agreed  for  all  the  samples,  it  was  possible  to  assume  that  the 
sorbent  was  completely  converted  into  the  appropriate  form,  and  that  the  results  found  correspond  to  the  values 
of  the  total  exchange  capacity  of  the  sorbents. 

The  values  of  the  exchange  capacity  of  all  the  samples  of  glauconite  and  montmorillonite  tested  agreed 
satisfactorily  (Table  2). 


The  isotope  dilution  method  coupled  with  the  use  of  ion  exchange  resins  can  also  be  applied  for  determining 
die  concentration  of  ions  containing  radioactive  isotopes  in  solution.  For  this  purpose  it  is  necessary  bodi  to  use 
an  ion  exchange  resin  which  has  been  converted  into  the  form  corresponding  to  the  form  present  in  solution,  and 
to  ensure  that  capacity  of  the  ion  exchange  resin  will  be  determined  carefully.  Then,  by  solving  the  equation 
given  above  with  respect  to  b,  the  content  of  the  test  ion  in  the  total  volume  of  solution  is  found: 

b  =  PS/(k  -  1), 


where  £  and  S  are  known  values  while  k  is  determined  experimentally. 

This  method  is  not  applicable  when  the  test  solution  contains  ions  which  are  capable  of  being  competitively 
sorbed  by  the  resin.  At  the  same  time,  this  method  makes  it  possible  to  avoid  gravimetric  analysis  during  in¬ 
vestigations  of  highly  active  solutions,  while  the  use  of  sorbents  with  a  small  capacity  presumably  could  permit 
determination  of  small  amounts  of  materials  without  their  preliminary  concentration. 


SUMMARY 

Results  of  the  determination  of  the  exchange  capacity  of  ion  exchange  resins  by  the  isotope  dilution  method 
and  by  direct  acid  —  base  titration  of  the  resins  in  the  hydrogen  form  show  satisfactory  agreement. 

The  isotope  dilution  method  has  been  used  for  determining  the  exchange  capacity  of  natural  ion  exchange 
materials,  glauccHiite,  and  montmorillonite. 

The  isotope  dilution  method  coupled  with  the  use  of  ion  exchange  resins  can  be  applied  for  the  analytical 
determination  of  ioiis  containing  radioisotopes  in  solution. 
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POTENTIOMETRIC  DETERMINATION  OF  RHENIUM 


IN  THE  PRESENCE  OF  MOLYBDENUM 

D.  I.  Ryabchikov,  V.  A.  Zarinskii  and  I.  I.  Nazarenko 
The  V.  L  Vemadskii  Institute  of  Geochemistiy  and  Analytical  Chemistry,  Moscow 


Quantitative  determination  of  rhenium  is  almost  always  connected  with  its  separation  from  molybdenum. 
Although  a  fair  amount  of  work  has  been  published  on  the  separation  of  rhenium  from  molybdenum,  information 
about  the  possibility  of  a  cpiantitative  determination  of  rhenium  in  the  presence  of  molybdenum  is  very  scant 
d.  2,  71 

A  method  which  we  have  developed  permits  determination  of  rhenium  in  the  presence  of  small  amounts 
of  molybdenum  (Re :  Mo  about  1 : 1).  The  method  is  based  on  titration  of  perrhenate  with  solutions  of  divalent 
chromium  using  a  platinum  indicator  electrode.  The  choice  of  the  indicator  electrode  and  medium  was  made 
on  the  basis  of  the  work  of  A.  L  Busey  and  Li  Gyn,  who  showed  that  molybdenum,  during  chromometric  reduction, 
does  not  give  a  potential  jump  Mo^/Mo^^in  sulfuric  acid  media  on  a  platinum  indicator  electrode,  PI 


Ev 


Fig.  1.  Reduction  of  perrhenate  with  a  CrS04  solution 
in  a  sulfuric  acid  medium.  1)  1  N  HjSO^  2)  4.5  N 
HzSQi;  3)  9  N  H2SO4;  4)  12  N  H2S04:  5)  15  N  H2SO4. 
The  potential  values  are  given  relative  to  the  saturated 
calomel  electrode. 


Fig.  2.  Potentiometric  titration  of  rhenium  with  CrS04 
in  the  presence  of  molybdenum.  1)  1  ml  of  0.0522  M 
HRe04  equivalent  to  9. 71  mg  Re  taken}  Nj.]jS04“ 

N(^jgQ  =  0.0800;  the  potential  jump  occurred  at 
3.30  ml  —  1.28  ml  =  2.02  ml.  2)  9,71  mg  Re; 

^  SO  ”  ^CtS04“  0.0680;  the  potential  jump 

occurred  at  3.80—  1.62  ml  =  2.18  ml.  3)  9.71  mg  Re; 
1^^504"  NcrS04  “  0.0814;  the  potential  jump  oc¬ 
curred  at  3.40—  1.35  ml  *  2.05  ml.  4)  9.71  mg  Re; 
NHjS04  =  12;  N(;;j5q  =  0.0784;  the  potential  jump 
occurred  at  3.50  —  1.^5  ml  =  1.95  ml.  The  potential 
values  are  given  with  respect  to  the  saturated  calomel 
electrode. 


821 


TABLE 


Determination  of  Re  in  the  Presence  of  Mo 


Re  1 

Mo 

taken,  mg 

found,  mg 

error,  mg 

taken,  mg 

9.71 

9.30 

-0.41 

11.32 

7.77 

7.90 

+  0.13 

11.32 

12.62 

13.00 

+  0.38 

11.32 

Reduction  of  perrhenate  by  a  solution  of  a  divalent  chromium  salt  is  illustrated  by  the  titration  curves 
(Fig.  1).  Under  these  conditions,  the  perrhenate  is  reduced  to  quadrivalent,  rhenium.  As  one  mi^t  expect  in 
accordance  with  Nernst’s  equation  (for  the  given  reaction:ReO^+  +  3e  =  ReO^  +  2HxO),  with  increasing  acidity, 
the  reduction  potential  changes  from  +0.234  (with  respect  to  the  hydrogen  electrode)  in  1  N  H2SO4  to  +0.461  in 
15  NH2SO4.  During  reduction  of  perrhenate,  intensely  colored,  brown,  transparent,  colloidal  solutions  of  ReOj. 
nH20  are  obtained  in  all  cases.  On  increasing  the  acidity  further  (above  15  N  H2SO4)  reduction  of  sulfuric  acid 
by  the  divalent  chromium  ions  occurs. 

In  the  course  of  establishing  the  conditions  for  the  quantitative  determination  of  rhenium  in  the  presence 
of  molybdenum,  it  was  found  that  the  sharpest  potential  jump  on  completion  of  the  reduction  of  ReVII  to  Re^V 
is  observed  at  a  sulfuric  acid  concentration  of  4  N  and  higher,  at  a  temperature  of  60-70*  (Fig,  2).  At  H2SO4  , 
concentrations  in  excess  of  12  N,  the  rate  at  which  the  potential  is  established  on  the  platinum  electrode  slows 
down.  Accordingly,  to  determine  rhenium  quantitatively  in  die  presence  of  molybdenum,  it  is  best  to  carry  it 
out  in  the  H2SO4  concentration  range  4  N  to  12  N. 

A  solution  of  a  divalent  chromium  salt  was  prepared  by  the  method  of  A.  I,  Busev  [4],  It  was  standardized 
and  checked  by  titration  with  CUSO4  in  HCl  1 : 1  at  25“  [5].  The  CUSO4  was  standardized  by  electrolysis.  All 
the  experiments  were  carried  out  in  a  small,  thermostatted  cell,  constmcted  previously  in  our  laboratory  |6];  the 
experiments  were  carried  out  in  a  nitrogen  atmosphere.  The  potentials  were  measured  by  a  compensation  method 
on  a  Leeds  and  Northrup  potentiometer. 

By  observing  the  conditions  indicated  above,  it  is  possible  to  titrate  rhenium  quantitatively  in  the  presence 
of  molybdenum  by  chromometric  potentiometric  titration.  The  results  are  given  in  the  table, 

SUMMARY 

A  study  has  been  made  of  the  reduction  of  perrhenate  by  means  of  divalent  chromium  salts  in  a  sulfuric 
acid  medium  using  a  platinum  indicator  electrode;  conditions  have  been  established  for  the  quantitative  de¬ 
termination  of  rhenium  in  the  presence  of  small  amounts  of  molybdenum. 
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LUMINESCENT  DETERMINATION  OF  SMALL 
AMOUNTS  OF  ALUMINUM  IN  METALLIC  MAGNESIUM 

A.  F.  Fioletova 


The  method  for  determining  small  amounts  of  aluminum  is  based  on  its  extraction  as  the  8-hydroxyquinolate 
with  chloroform,  and  comparing  the  fluorescence  of  the  extract  with  that  of  a  standard.  Such  a  method  has  al¬ 
ready  been  used  for  the  determination  of  aluminum  [1-3]. 

The  optimum  intensity  of  the  fluorescence  develops  within  a  few  minutes,  and  remains  unchanged  for  24 
hours;  subsequently,  the  intensity  gradually  increases. 

NO3'*  and  SO4  ions  do  not  interfere  whatever  their  concentration.  Trivalent  iron  interferes  (it  extinguishes 
the  luminescence)  should  there  be  1  x  10"®  g  or  more  of  it  present  per  ml  of  solution.  Ca  and  Cr  do  not  interfere 
even  when  1  x  10"*  g  of  these  elements  is  present  per  ml  of  solution.  Magnesium  approximately  halves  the  in¬ 
tensity  of  the  fluorescence.  Accordingly,  it  is  necessary  to  add  the  same  amount  of  magnesium  to  the  standard 
solution  as  there  is  of  magnesium  present  in  the  test  solution;  or  to  use  the  chloroform  extracts  from  the  test  so¬ 
lution  after  the  aluminum  has  been  extracted  for  preparing  the  standard  solution.  The  latter  technique  appeared 
to  be  the  best  method. 

The  following  reagents  are  required  for  determination  of  A 1  in  magnesium  metal: 

1)  hydrochloric  acid  distilled  in  a  quartz  apparatus; 

2)  a  solution  of  80  g  of  NaHCOs  in  1  liter;  the  latter  was  purified  from  aluminum  by  shaking  it  with  a  2fyi> 
solution  of  8-hydroxyquinoline  and  CHCI3  containing  0.8  g  NaHC03  in  10  ml; 

3)  a  Vjo  solution  of  hydroxyquinoline  in  1  N  CH3COOH  (2  g  of  pure  8-hydroxyquinoline  +  6  ml  of  glacial 
acetic  acid  in  100  ml); 

4)  chloroform,  distilled  in  a  quartz  apparatus  and  checked  for  absence  of  fluorescence. 

Procedure.  An  amount  equaling  0.2000  g  of  magnesium  metal,  accurately  weighed,  is  placed  in  a  50  ml 
quartz  breaker.  It  is  moistened  with  approximately  5  ml  of  water  and  then  carefully  dissolved  in  6  N  HCl,  the 
latter  being  added  dropwise  (spluttering).  The  solution  is  evaporated  on  an  electric  hotplate  covered  with  an 
asbestos  sheet  until  it  has  a  syrupy  consistency.  After  cooling,  the  contents  of  the  beaker  are  dissolved  in  6  N 
HCl  and  then  transferred  to  a  50-ml  quartz  separating  funnel;  10  ml  of  pure  diethyl  ether  is  added  and  the  whole 
vigorously  shaken  for  3-5  minutes;  after  standing  for  ten  minutes  the  aqueous  phase  is  poured  into  the  same  beaker 
from  which  it  was  taken,  and  the  ether  is  transfened  into  another  beaker  which  contains  a  few  crystals  of  KSCN 
and  1  ml  of  water.  The  operation  is  repeated  until  there  is  no  reaction  for  Fe  in  the  ether  extract. 

After  removal  of  Fe,  the  solution  in  the  quartz  beaker  is  again  evaporated  to  the  consistency  of  a  syrup  on 
cooling,  the  residue  is  dissolved  in  water  and  the  solution  transferred  to  a  200-ml  quartz  flasks.  The  separating 
funnel  and  beaker  are  washed  with  water  and  the  washings  added  to  the  contents  of  the  200-ml  flask  .  The  so¬ 
lution  is  finally  made  up  to  the  mark  with  water  and  mixed. 

10  ml  of  this  solution  is  pipetted  into  a  quartz  separating  funnel  and  1  ml  of  the  NaHCOs  solution  added 
[2].  Solutions  prepared  in  this  way  usually  have  a  pH  of  about  7  (check  by  universal  indicator).  1  ml  of 
8-hydroxyquinoline  and  5  ml  of  chloroform  are  added  and  the  contents  of  the  flask  vigorously  shaken  for  5  minutes, 
and  then  allowed  to  stand  for  5  minutes.  The  chloroform  layer  is  poured  into  a  10-ml  quartz  tube,  and  the  ex¬ 
traction  repeated  with  CHCI3,  the  chloroform  layer  is  combined  with  the  fint  chloroform  extract  in  the  tube; 
the  volume  is  finally  made  up  to  the  mark  with  chloroform  and  the  whole  thoroughly  mixed. 
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TABLE 


Al  found. 

Sample 

Weight  taken,  g 

etermi 

natimi 

Mean ,  % 

■ 

2 

3 

1567 

0,2000  In  200ml  solution 

0,002 

0,002 

0,002 

0,002 

MD-1 

0,2000  In  200  »  » 

0,004 

0,004 

0,004 

0,004 

MD-2 

0,2000  in  200  »  > 

0,001 

0,002 

_ 

0,0015 

MD-3 

0,0500  In  50  »  > 

0,003 

{:,003 

— 

0,003 

MD-4 

0,2000  In  200  »  > 

0,003 

0,004 

— 

0,0035 

At  the  same  time,  into  another  similar  separating  funnel,  10  ml  of  water  and  a  standard  solution  containing 
approximately  the  same  amount  of  aluminum  that  is  expected  in  die  test  material  are  introduced.  After  carry¬ 
ing  out  the  same  extraction  procedure  for  aluminum  as  was  used  for  the  test  solution  the  extracts  obtained  are 
compared  in  UV-light  (HQS-500  lamp)  in  order  to  choose  the  standard  more  carefully.  In  order  to  get  accurate 
results  the  amount  of  A1  found  is  added  to  the  test  solution  of  magnesium  from  which  the  aluminum  has  been 
removed,  and  the  hydroxyquinolate  of  aluminum  extracted  with  chloroform  as  indicated  above.  When  the  in¬ 
tensity  of  the  fluorescence  does  not  coincide,  choice  of  standards  is  repeated  until  the  intensity  of  the  fluorescence 
does  coincide.  The  percentage  of  aluminum  in  the  sample  is  calculated  by  means  of  the  formula:  A1  *  a« 

100/0.1,  where  a  is  the  amount  of  A1  found  In  10  ml  of  solution. 

Results  for  determination  of  aluminum  are  given  in  the  table. 

Using  standard  solutions  it  has  been  shown  that  it  is  possible  to  determine  0.00001*^  Al,  but  the  method 
requires  considerable  time  and  gives  an  error  of  20^e.  Under  such  conditions  it  is  necessary  to  purify  the  reagents 
more  carefully  from  Al  and  Fe. 


SUMMARY 

For  the  determination  of  aluminum  present  as  an  impurity  in  magnesium  metal,a  method  is  suggested  in 
which  the  intensity  of  the  fluorescence  of  a  chloroform  extract  of  aluminum  hydroxyquinolate  is  measured. 

Determination  of  thousandths  of  a  percent  of  aluminum  in  magnesium  metal  can  be  carried  out  with  an 
accuracy  of  ±  l47o. 

Two  samples  can  be  analyzed  in  duplicate  in  six  hours  by  one  analyst. 
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DETECTION  OF  ALUMINUM  IONS  BY  MEANS  OF 
5- HYDROXY- 1,4- NAPHTHOQUINONE  (JUG  LONE) 


L.  N.  Aizenberg 
Kishinev  Agricultural  Institute 

O  OH 

II  I  ^ 

Kuznetsov  |1]  considers  that  the  group  of  atoms  /'\/\  is  a  functional  analytical  group  for  A1  .  The 


capacity  to  form  colored  lakes  with  Al®^  is  determined  by  the  presence  of  a  phenolic  hydroxyl  (salt-forming  group) 
and  a  complex- forming  carbonyl  in  the  ortho  or  para  position  with  respect  to  this  hydroxyl  group  [2],  A  description 
is  given  in  the  present  article  of  a  method  for  detecting  aluminum  by  means  of  juglone,  5-hydroxy-l,4-naph- 
thoquinone  which  was  synthesized  by  L.  N.  Aizenberg’s  method  [3].  The  method  is  based  on  the  formation  of  a 
purple-colored  inner  complex  compound  of  aluminum  with  juglone  in  an  ammoniacal  medium.  In  practice  the 
reaction  is  carried  out  as  a  spot  reaction  and  also  as  a  macro  reaction.  In  the  first  instance  the  technique  for 
carrying  out  the  spot  test  is  similar  to  that  used  for  the  reaction  widi  alizarin  [4], 


Detection  of  aluminum  in  mixtures  with  other  ions  is  possible  in  the  presence  of  K4  [Fe  (CN  )*  ]  (a  saturated 
solution)  which  forms  sparingly  soluble  ferrocyanides  with  the  cations  of  the  other  elements.  A  drop  of  a  saturated 
solution  of  potassium  fenocyanide  is  placed  on  a  filter  paper.  This  is  followed  by  a  drop  of  juglone  solution;  the 
paper  is  treated  with  ammonia  vapor  and  a  drop  of  the  test  solution  added. 

In  the  presence  of  copper  ions,  which  also  form  a  dark-red  colored  compound  with  juglone,  0,5  ml  of  a 
solution  of  a  mixture  of  cations  is  treated  with  metallic  zinc  in  order  to  remove  die  ions  of  copper  and  other 
heavy  metals,  and  the  test  tube  shaken  for  2  minutes.  A  drop  of  the  clear  solution  is  taken  out  with  a  capillary 
and  any  aluminum  present  detected  by  means  of  juglone  as  described  above.  In  die  presence  of  ferrous  and  ferric 
ions  a  brown  spot  is  formed.  However,  for  a  weight  ratio  of  Fe*^  :  AI®^  of  2: 1,  it  is  still  possible  to  detect  0.16 
mg  Al^  when  five  drops  of  test  solution  are  used. 

Ni*^  and  Zn*^  even  in  large  excess  do  not  interfere  with  die  red  color  characteristic  for  aluminum. 

On  mixing  solutions  of  aluminum  salts  (10"^  M)  with  a  pH  of  2.3-3.5  with  an  alcoholic  solution  of  juglone 
(3.44  X  10"*  M)  in  a  test  tube,  a  red  color  appears  which  increases  on  shaking  and  attains  a  maximum  intensity 
after  several  minutes. 

At  concentrations  of  the  aluminum  salts  less  than  2,5  x  10"*  M  the  red  color  does  not  appear.  The  most 
intense  red  color  is  observed  for  a  ratio  of  the  volumes  of  the  solutions  of  the  aluminum  salts  and  juglone  of 
2.5:  7.5. 
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The  limit  of  identification  is  162  y  of  Al*^  in  2  ml  of  A1(NQ3)3  solution.  The  limiting  dilution  is  1:  24,000. 

The  red  color  of  the  compound  of  aluminum  witfi  juglone  is  brightest  at  a  pH  of  3.0*'3.5  for  A1C18  and  at 
a  pH  of  2.25-9.90  for  AKNO,),. 

Trivalent  chromium  ions  give  a  green  color  with  a  3  x  10"*  M  solution  of  juglone,  Fe*^,  a  blood  red  color; 
Ni*'*’,  a  yellow-brown  (color  of  tea);  Co*'*’,  a  light  orange  color;  Cu*^,  a  red  color;  Ce*^  an  orange-red  color. 

The  latter,  in  the  presence  of  NH3,  gives  with  juglone  exactly  the  same  red  color  on  paper  as  Al*^,  Ca*^  ,  Sr*^ 
Ba*^,  Na'*’,  K+',  Mg*^,  Zn^,  Cd*^,  Bi*'*’,  Sn*^,  Ag"*"  do  not  lead  to  an  intensification  of  color  with  a  juglone 

solution. 

SUMMARY 

A  spot  reaction  for  Al*^  with  juglone  is  described.  The  sensitivity  and  limiting  dilution  of  the  reaction 
have  been  established.  The  effect  of  pH  and  of  certain  metal  cations  on  the  formation  of  the  compound  of 
aluminum  with  juglone  has  been  studied. 
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POLAROGRAPHIC  STUDIES  OF  TITANIUM  AND  NIOBIUM 
IN  PYROPHOSPHORIC  ACID  SOLUTIONS 

D.  I.  Kurbatov 

Institute  of  Chemistry,  Ural  Branch  of  the  Acad.  Sci.  USSR,  Sverdlovsk 


A  number  of  authors  have  carried  out  separate  polarographic  smdies  of  titanium  and  niobium,  in  solutions 
of  mineral  acids  and  in  solutions  of  certain  organic  complexing  agents.  Recently  [1,  2]  it  has  been  indicated 
that  it  is  possible  to  obtain  waves  for  titanium  and  niobium  in  eachother's  presence  in  sulfuric  acid  solution  (70*^ 
H2SO4).  However,  Ya.  P.  Gokhshtein  [3]  has  shown  that  under  these  conditions,  the  niobium  wave  is  distorted  by 
the  hydrogen  wave.  Results  of  such  work  cannot  therefore  be  used  for  the  quantitative  polarographic  determination 
of  titanium  and  niobium  in  each  other’spresence. 

In  developing  a  simple  method  for  the  determination  of  these  elements  we  canied  out  a  polarographic  study 
of  titanium  and  niobium  in  a  pyrophosphoric  acid  medium. 

Solutions  of  titanium  and  niobium  In  concentrated  pyrophosphoric  acid  (sp.  gr.  1.85)  were  used  in  the  course 
of  the  work.  Pyrophosphoric  acid  solutions  of  titanium  and  niobium  were  prepared  as  follows;  an  aliquot  of  the 
appropriate  oxide  was  used  with  potassium  bisulfate;  the  melt  was  then  leached  with  sulfuric  acid.  The  hydroxide 
was  precipitated  from  this  solution  by  means  of  ammonia;  the  hydroxide  was  filtered  off  through  a  glass  filter, 
and,  after  washing,  dissolved  in  pyrophosphoric  acid,sp.  gr.  1.85. 

It  was  found  that  titanium  and  niobium  are  reduced  on  a  dropping  mercury  cathode  in  a  supporting  elec¬ 
trolyte  of  pyrophosphoric  acid,  and  give  clearly  defined  polarographic  waves  both  when  taken  separately  and 
together  (Fig.  1). 

The  curve  drawn  within  the  coordinates  log  i  (i^j  -  i),  E  in  the  concentration  range  1  to  50  millimoles/liter 
showed  that  the  value  of  the  reciprocal  tangent  of  the  slope  of  the  lines  for  titanium,  taken  on  its  own,  or  to¬ 
gether  with  niobium,  had  a  value  close  to  that  expected  from  the  equation  for  the  wave  E  -RT/nFlni/(id-i) 
for  a  one-electron,  reversible  process.  In  die  case  of  niobium  the  value  of  the  slope  coefficient  varies  from 
0.058  to  0,080.  On  this  basis  the  reduction  process  can  be  represented  by  the  following  equations; 

Ti‘''  +  e7?Ti'";  Nb''+e-Nb*'^ 


The  half-wave  potentials  for  titanium  and  niobium  are  respectively  0.145  and  0.520  with  respect  to  the 
saturated  calomel  electrode. 

The  limiting  cunent  of  titanium  and  niobium,  taken  separately,  or  together,  up  to  a  ratio  of  NbsTi  =  1:20 
is  directly  proportional  to  their  concentration  in  solution  (Fig.  2), 

The  linear  relationship  between  limiting  current  and  concentration,  coupled  with  the  appreciable  difference 
between  the  half-wave  potentials  for  these  two  elements,  and  tiie  clearly  defined  waves  for  titanium  and  niobium 
means  that  it  is  possible  to  determine  these  two  elements  in  eachother’s  presence.  Results  of  such  determinations 
are  given  in  the  table. 

It  should  be  noted  that  solutions  of  titanium  and  niobium  in  pyrophosphoric  acid  are  stable  for  several 
months  and  give  readily  reproducible  polarograms. 
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Fig.  1.  Polarographic  waves  for  titanium  and  niobium 
in  pyrophosphoric  acid  sp.  gr.  1.  85).  1)  Titanium, 

10.7  millimole/liter;  2)  titanium,  9.4  millimole /liter 
and  niobium  6.25  millimole/liter  in  each  others  pres 
ence;  3)  niobium,  13.35  millimole  /liter;  4)  supporting 
electrolyte  pyrophosphoric  acid  sp.  gr.  1.85;  T  =  25“, 

P  =  m*/*  *71/6=  0.94  mg^  sec  “  1/*;  galvanometer 
sensitivity  i/js  anode  —  internal. 


Fig.  2.  Relation  between  the  limiting  current  of  tita¬ 
nium  and  niobium  and  their  concentration  in  solution. 
Concentration  in  millimole/liter:  P  =  m*^> .  r  = 
0.94  mg  3  sec’^/t,  galvanometer  sensitivity  1/5. 

SUMMARY 

The  polarographic  behavior  of  titanium  and 
niobium  in  pyrophosphoric  acid  (sp.  gr.  1.85)  has  been 
studied  for  the  first  time.  It  has  been  shown  that  tita¬ 
nium  and  niobium  are  reduced  and  give  clearly  de¬ 
fined  polarograms,  when  these  elements  are  taken 
either  separately  .or  together. 


The  appreciable  difference  between  the  half- 
-wave  potentials  of  titanium  and  niobium,  and  the 

linear  relationship  between  their  limiting  current  and  their  concentration  in  solution  permits  them  to  be  determined 
in  each  other’s  presence  up  to  a  ratio  of  Nb:  Ti  =  1:20. 


Polarographic  Determination  of  Titanium  and  Niobium  in  Each  Others  Presence 


Taken,  mmole/l 

Found,  mmole/l 

CtI  :  CNb 

Taken,  mmole/lj 

Found,  mmole/l 

^Ti  :  ^Nb 

T1 

Nb 

T1 

Nb 

T1 

Nb 

T1 

Nb 

17,7 

0,90 

17,6 

0,9 

18,6 

4,65 

18,9 

4,5 

18,1 

0,25 

16,45 

1,0 

16,5 

0,95 

16,5 

5,4 

25,0 

5,6 

24,2 

0,21 

17,25 

1,41 

17,3 

1,39 

12,2 

14,9 

15,0 

14,5 

15,2 

1 

12,9 

1,59 

13,0 

1,59 

8,1 

_ 

2,15 

_ 

2,15 

_ 

7,42 

1,83 

7,5 

1,80 

4,1 
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A  SPOT  METHOD  FOR  THE  DETECTION  OF  MICRO 
AMOUNTS  OF  BORON  IN  SILICON 

A.  L.  Sokolova  and  N.  A.  Makharash vili 

The  mediod  is  based  on  a  change  in  the  color  of  curcumin  in  an  acid  medium  from  yellow  to  red  in  the 
presence  of  boron.*  Detection  is  carried  out  on  a  filter  paper  impregnated  with  a  l^o  tincture  of  cur¬ 
cumin.  The  method  permits  determination  of  0.05  y  of  boron  in  0.05  ml  of  solution.  The  high  sensitivity  is 
achieved  Cl]  by  concentrating  the  test  solution  on  die  paper  surface  on  which  paraffin  rings  have  been  placed.  •  * 

An  amount  equaling  0.1-1  g  of  silicon  in  the  form  of  a  finely  ground  powder  is  dissolved  in  5-10  ml  of 
107o  sodium  hydroxide  on  a  water  bath.  The  solution  obtained  is  evaporated  to  dryness.  To  the  dry  residue  is 
added  2  ml  of  1  N  sulfuric  acid,  die  solution  is  cooled  with  ice  and  3  ml  of  concentrated  sulfuric  acid  and  40 
ml  of  purified  methanol  added.  The  mixmre  obtained  is  transferred  to  a  distillation  flask  [2]  for  distilling  off 
themethyl***  ester  of  boric  acid.  Saponification  of  the  ester  is  carried  out  in  a  flask  (in  die  receiver)  with  a  mixture 
of  1  ml  of  5^0  NaOH  and  8  ml  of  methanol.  When  the  methyl  ester  has  been  distilled  off,  the  solutitxi  in  die  new 
flask  is  evaporated  to  dryness  on  a  water  bath.  The  cooled  residue  is  dissolved  in  5-10  drops  of  HCl  (1 : 1)  and  a 
few  drops  of  a  saturated  solution  of  oxalic  acid  added.  The  total  volume  of  the  solution  should  not  exceed  1  ml.  The 
solution  •***obtained(0,01-0,05ml)ls  placed  on  the  filter  paper  inside  the  paraffin  ring  and  the  paper  then  dried 
in  a  desiccator  over  calcium  chloride.  The  color  is  compared  with  that  of  a  series  of  standards  prepared  at  the 
same  time;  these  standards  are  prepared  as  follows:  into  a  small  quartz  basin  is  poured  1  ml  of  a  solution  of 
boric  acid  of  known  concentration  (from  ly  to  10  y),  1  ml  of  a  solution  of  sodium  hydroxide,  and  5  ml  of 
methanol  are  added.  The  contents  of  the  basins  are  evaporated  to  dryness  on  a  water  badi;  die  dry  residues  are 
then  dissolved  in  hydrochloric  acid  (1 : 1)  and  oxalic  acid  added.  The  solutions  obtained  are  placed  on  filter 
papers  prepared  beforehand  and  the  latter  dried  in  a  desiccator.  The  sensitivity  of  the  method  is  0.05  y  of  boron 
in  0.05  ml  of  solution  (1 : 1,000,000).  In  view  of  the  fact  that  it  is  difficult  to  transfer  the  test  solution  (0.5  ml 
or  1  ml)  completely  onto  the  paper,  boron  can  only  be  determined  by  this  technique  up  to  a  limit  of  2xl0*^g/^« 

For  increasing  the  sensitivity  of  the  determination  of  boron  in  silicon  it  is  recommended  that:  a)  the 
diameter  of  the  ring  be  increased  from  0.5  cm  to  2  cm;  b)  the  volume  of  test  solution  applied  to  the  paper  be 
increased  (from  0.01  ml  to  0.5  ml);  c)  the  amount  of  silicon  taken  be  increased  to  1  g. 

SUMMARY 

A  simple  method  has  been  developed  for  the  determination  of  up  to  10"*  g/g  of  boron  in  silicon  by  means 
of  a  spot  test  widi  curcumin  on  filter  paper. 
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•When  the  red  color  of  curcumin  is  caused  by  the  presence  of  boron,  on  addition  of  alkali,  the  color  changes  to  green. 

•  •The  paraffin  ring?  are  placed  on  a  filter  paper  soaked  with  curcumin  by  means  of  a  heated  glass  tube  (internal 
diameter  1  cm»exteraal  diameter  2  cm). 

••  •When  0.1  to  0.25  g  ofsilicon  is  taken,  separation  ofboron  from  silicon  is  carried  out  with  methanol  without  distillation. 

•  •  •  •  The  test  solution  is  placed  on  the  filter  paper  by  means  of  a  microburet, the  tip  of  which  has  been  drawn  out 
into  a  fine  capillary. 
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ANALYSIS  OF  PENTABORANE 


A.  F.  Zhigach,  E.  B.  Kazakova  and  R.  A.  Kigel* 


A  Icmg  method  for  analyzing  pentaborane  has  been  described  in  the  literature  [I],  it  is  based  on  its  decom¬ 
position  into  boron  and  hydrogen  at  700-800*.  This  method  requires  the  use  of  a  high  vacuum  setup.  We  have 
developed  a  more  rapid  and  simple  method  of  analyzing  pentaborane  which  is  based  (mi  the  capacity  of  the  latter 
to  react  with  ethanol  with  liberation  of  hydrogen  and  formation  of  B(OC|Hs)^  [2];  the  latter  is  readily  hydrolyzed 
by  water  to  give  boric  acid: 


BjH,  +  15C.H5OH  -  5B  (OCtH,)3  +  12H2. 

5B  (OC.Hi)j  +  15H.0  -  6H3BO3  f  ISCcHiOH 

From  the  volume  of  hydrogen  liberated  and  which  is  measured,  and  from  the  amount  of  boron  determined 
on  the  basis  of  boric  acid,  die  composition  of  the  pentaborane  samples  can  be  determined. 

Experimental  Procedure.  The  test  sample  of  pentaborane  is  stored  in  flask  A  with  two  taps  1  and  2  and  a 
tube  (Fig.  1).  When  a  sample  is  taken,  nitrogen  is  passed  through  tap  1  in  order  ot  prevent  the  pentaborane  from 
coming  into  contact  with  air. 

Decomposition  of  the  sample  of  pentaborane  is 
earned  out  in  vessel  1.  (Fig.  2)which  has  a  capacity  of 
50  ml  and  is  provided  with  a  funnel,  two  taps,  and  a 
tube.  Vessel  1,  is  connected  with  two  absorption  fiasks 
2.  and  3.  with  a  capacity  of  40  ml.  into  each  of  which 
20  ml  of  96%  ethanol  is  introduced.  These  absorption 
flasks  are  connected  in  mrn  with  gas  burets  4  and  5. 

(the  first  has  a  capacity  of  100  ml  and  is  accurately 
graduated,  and  the  second  has  a  capacity  of  500  ml). 
The  gas  burets  and  the  leveling  flasks  are  filled  with 
ethanol.  Before  carrying  out  an  analysis  it  is  necessary 
to  sweep  out  the  apparatus  carefully  with  nitrogen;  an 
ampoule  containing  the  test  material  is  placed  in  vessel 
1  which  is  then  sealed  with  a  stopper  into  which  a 
"crusher"  (for  breaking  the  ampoule)  has  been  fitted  beforehand.  Vessel  1  is  connected  with  flasks  2  and  3.  an 
amount  equaling  10  ml  of  edianol  is  pouted  into  the  funnel,  and  the  ampoule  is  broken.  Vessel  1  is  immersed 
in  ice  water  and  alcohol  is  slowly  added.  The  reacticHi  proceeds  very  vigorously  initially.  It  subsequently  slows 
down  and  finishes  completely  in  1.5  2  hours.  As  soon  as  all  the  alcohol  has  been  added,  cooling  is  stopped  and 
subsequent  operations  are  carried  out  at  room  temperature. 

During  an  analysis,  the  pressure  in  the  system  should  be  about  10-12  mm  Hg  below  atmospheric  in  order 
to  prevent  a  breakthrou^  of  the  gas  through  the  tap  of  the  funnel  in  vessel  1.  If  there  should  be  a  breakthrough, 
the  determination  must  be  repeated.  The  volume  of  the  hydrogen  liberated  is  measured  when  the  position  of 


(1) 

(2) 
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TABLE 

Analysis  of  Pentaborane  Samples(Calculated  for  B5H9,  85.64*70  B,  14.36*70  H) 


Sample, 

weight, 

mg 

Calculated 

Determined 

Relative 

accuracy 

B 

H 

B,  mg 

H,  ml 

B.  % 

M.  % 

B.  % 

H.  % 

122.0 

104,4 

519 

104,1 

518,5 

85,3 

14  ,3 

-0,4 

-0,42 

149,6 

128,1 

636,5 

127,5 

637,0 

85,2 

14.37 

—0,52 

+0.01 

85,9 

73,5 

365,5 

73,5 

364,4 

85,6 

14,3 

-0,04 

—0.42 

143,4 

122,8 

610,2 

122,8 

606,8 

85,6 

14,28 

-0.04 

—0.5(5 

129.0 

110.4 

548,8 

110,0 

550 

85,3 

14,3 

-0,4 

-0,42 

133,6 

114,4 

568,4 

113.6 

564,5 

85,0 

14,25 

-0,75 

—0,77 

140,4 

120,2 

598,9 

119,5 

596 

85,5 

14,3 

—0,57 

-0,42 

130,3 

112,1 

556,9 

111,8 

552,4 

85.3 

14,2 

-0,4 

—0,42 

Mean  value 

-0,39 

-0,48 

the  alcohol  levels  in  the  burets  and  the  leveling  flasks  are  the  same.  This  is  established  by  means  of  manometer  8. 

To  determine  boron,  the  solutions  from  vessel  1,  and  from  traps  2  and  3,  are  transferred  quantitatively  into 
a  250  ml  standard  flask  and  the  volume  made  up  to  the  mark  with  water.  An  amount  equaling  50  ml  of  this 
solution  is  taken  for  titration;  it  is  neutralized  with  0.1  N  alkali  using  methyl  red;  30  ml  of  glycerol,  invert  sugar 
or  mannite  is  added,  followed  by  a  few  drops  of  phenolphthalein,  and  the  mannite-boric  acid  titrated  to  the  ap¬ 
pearance  of  a  rose  color. 

The  pentaborane  is  sampled  in  0.5  ml  glass  ampoules.  In  order  to  take  samples,  the  ampoules  which  have 
been  drawn  out  at  an  angle  are  weighed  and  then  placed  in  tube  B  (Fig.  1),  and  the  latter  hermetically  sealed. 

A  vacuum  is  set  up  in  the  tube  after  which  it  is  filled  with  nitrogen.  Evacuation  and  filling  with  nitrogen  is  re¬ 
peated  twice.  An  ampoule  is  withdrawn  from  tube  B  and  its  capillary  introduced  into  vessel  A  containing  the 
test  pentaborane.  A  5  ml  Dewar  flask  containing  a  cooling  mixture  of  acetone  and  solid  carbon  dioxide  is  placed 
under  the  bulb  of  the  ampoule.  When  the  ampoule  is  half  full,  the  capillary  is  lifted  so  that  its  tip  is  above  the 
liquid  level.  Two  fingers  are  drawn  along  the  capillary  from  its  bulb  to  the  tip  in  order  to  free  it  (as  a  result  of 
warming  up)  from  liquid,  and  it  is  then  rapidly  sealed  over  an  alcohol  burner;  the  ampoule  is  finally  weighed. 

The  weight  of  sample  taken  amounts  to  0.1  to  0.2  g. 

Ihe  analytical  results  obtained  are  given  in  the  table. 
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The  accuracy  of  tiie  method  was  checked  by  analyzing  pure  pentaborane  (bp  equals  60.0-60.2*  at  760  mm 
mp  equals-46.50*). 

Found,  %  B  85.5;  H  14.3 

Calculated,  B  85.64;  H  14.36 
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SEPARATION  OF  THE  ISOMERIC  PHTHALIC  ACIDS 
BY  PARTITION  PAPER  CHROMATOGRAPHY 

L,  V,  Golosova 

State  Scientific  Research  and  Design  Institute  of  the 
Nitrogen  Industry  and  of  Organic  Synthetic  Products,  Moscow 


For  qualitative  separation  of  mixtures  of  terephthalic  and  isophthalic  acids  we  have  used  the  method  of 
ascending  partition  chromatography  on  paper  using  concentrated  aqueous  solutions  of  alcohols  miscible  with  water, 
and  using  bromothymol  blue  as  an  indicator  for  identifying  the  components  of  the  mixture. 

Mixtures  were  made  from  0.1  N  solutions  of  terephthalic  and  isophthalic  acids  in  pyridine  redistilled  at 
115".  The  chromatograms  were  taken  on  paper  from  the  Volodarskii  No.  2  Leningrad  Factory.  The  density  of 
the  paper  was  85  g/meter*  Mark  B  (rapidly  absorbent). 

Using  a  micropipet,  0.05  ml  drops  of  the  test  solutions  were  placed  on  paper  strips  260  x  60  mm  in  size  on 
which  a  line  had  been  pencilled  at  a  distance  of  30  mm  from  the  lower  edge  of  the  starting  line,  and  on  which 
circles  had  been  pencilled  at  the  points  where  the  drops  of  the  test  solutions  were  to  be  applied  (these  circles  were 
at  distances  of  30  mm  from  each  other,  and  15  mm  from  the  side  edges  of  the  paper).  After  the  paper  strips  had 
been^  dried  in  air,  they  were  placed  in  a  chromatographic  tank  on  the  bottom  of  which  had  been  placed  a  vessel 
containing  solvent  ctxisisting  of  a  mixture  of  350  parts  of  propyl  alcohol,  12  parts  of  3.5%  ammonia,  and  105  part 
of  water.  The  solvent  front  was  allowed  to  mn  for  10  to  15  hours.  When  the  chromatograms  had  been  run,  they 
were  removed  from  the  tank  and  dried  in  a  drying  oven  at  40-50*  or  in  air,  after  which  they  were  sprayed  with 
an  aqueous  solution  of  bromothymol  blue  whose  pH  had  been  adjusted  to  8  beforehand  with  alkali.  An  atomizer 
was  used  for  the  spraying. 


TABLE 


Acid  solution  placed 
on  the  chromatogram 

Partition  coefficient  Rf 

reference 

mixture  of  acids 

terephthalic  acid 

isophthalic  acid 

Terephthalic  acid 

]kophthalic  acid 

Mixture  of  acids 

j 

0.20;  0,15;  0.17 

0.33;  0.46;  0.49 

0.21;  0.15;  0.17 

0.34;  0.46;  0.50 

On  the  damp  chromatograms,  yellow  spots  with  sharply  defined  contours  appeared  on  the  blue  background. 

These  spots  were  outlined  with  a  slate  pencil.  This  is  necessary,  because  during  subsequent  drying  of  the  chromatograms 
in  air,  under  a  vacuum,  or  in  a  drying  oven  at  40-50",  the  color  of  the  background  changes  from  blue  to  a  bright- 
-yellow. 
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The  test  chiomatogram  was  then  placed  on  the  light  filter  of  a  UB>1  utrachemiscope  and  firmly  pressed 
against  the  fluorescent  screen.  On  the  latter,  at  those  points  which  were  opposite  the  places  on  dtie  paper  where 
the  test  materials  had  accumulated,  and  which  absorb  the  ultraviolet,  shadows  appeared. 

Ihe  Rf  values  agree  satisfactorily  between  themselves. 

Received  January  13,  1959 
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NIKOLAI  ALEKSANDROVICH  TANANAEV 


The  death  of  Professor  Nikolai  Aleksandrovich  Tananaev  occurred  on  June  7th,1959.  He  was  82  at  the 
time  and  an  outstanding  scientist,  a  devoted  servant  of  science,  a  member  of  the  Commission  on  Analytical 
Chemistry,  the  head  of  the  chair  of  analytical  chemistry  in  the  Ural  Polytechnical  Instimte  since  1938,  and  a 
doctor  of  chemical  sciences. 

N.  A.  Tananaev  was  bom  in  1878  in  the  village  of  Serp,  formerly  in  Tambovskii  province  in  a  peasant 
family.  On  finishing  in  the  Tambovskii  Seminary,  he  proceeded  to  Yur'evskii  (Deiptskii)  University  to  enter  the 
chemical  section  of  the  physicomathematical  faculty.  In  1903  his  studies  were  intermpted;  he  was  anested  for 
his  part  in  the  revolutionary  smdents*  movement.  He  was  exiled  until  the  amnesty  of  1905. 

Tananaev  was  only  able  to  continue  his  further  education  in  1908.  In  September  of  that  year  he  successfully 
finished  his  course  at  Yur'evskii  University  with  a  degree  of  Candidate  of  Chemistry,  and  stayed  on  at  the  Uni¬ 
versity.  In  the  same  year,  however,  he  was  invited  by  L.  V.  Pisarzhevskii  to  work  in  the  chemistry  faculty  of  Kiev 
Polytechnical  Institute,  where  he  first  worked  as  a  laboratoryassistant  and  subsequently  taught  quantitative  analysis. 
One  result  of  his  scientific  and  teaching  activity  during  this  time  was  the  book  ”  Volumetric  Analysis,*  published 
in  1913;  several  editions  of  this  book  were  published. 
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His  intensive  creative  work  started  after  die  Great  October  Socialist  Revolution.  In  1917  he  was  chosen  as 
a  lecturer,  and,  in  1921,  as  a  professor,  in  the  first  chair  of  analytical  chemistry  to  be  organized  in  the  Soviet 
Union,  that  of  Kiev  Polytechnical  Institute. 

In  1920  Tananaev  started  to  develop  the  spot  method  of  analysis. 

Starting  in  1924,  Tananaev  devoted  considerable  attention  and  time  to  a  study  of  analytical  chemical 
control  of  production.  He  published  a  large  number  of  papers  on  questions  connected  with  speeding  up,  simplifying, 
and  developing  analytical  methods,  and  also  on  the  introduction  of  new  methods  for  the  chemicoanalytical  control 
of  production.  These  included  papers  on  spot  colorimetry,  colorimetric  titration,  special  reactions,  etc.  During 
this  period  the  methodology  of  volumetric  analysis  was  developed  which  foresaw  the  residues  law  and  the  sub¬ 
stitution  law. 

Work  on  gravimetric  analysis  occupied  no  small  part  in  N.  A.  Tananaev* s  activity.  His  experience  in  this 
field  was  collected  together  in  die  book:  Gravimetric  Analysis,  (first  published  in  1931  in  Kiev,  and  subsequently, 
in  the  course  of  the  next  seven  years  reissued  five  times). 

Worthy  of  special  mention  in  his  work  on  the  theory  of  analytical  chemistry  is  his  development  of  the 
problem  of  solid  phases  in  chemical  analysis.  The  concept  of  precipitates  as  materials  which  are  capable  of 
undergoing  further  reactions  enabled  Tananeav  to  make  wide  and  systematic  use  of  them  as  reagents.  A  study 
of  the  interactions  of  precipitates  on  the  basis  of  the  values  of  their  solubility  products  led  to  the  formulation  of 
the  series  law,  which  made  it  possible  to  forecast  the  likelihood  of  a  reaction  occurring  and  how  far  it  would 
proceed,  and  thus  solve  chemicoanalytical  and  technological  problems. 

In  the  course  of  many  years  Tananaev  worked  on  the  development  of  qualitative  analysis  by  the  "fractional* 
metiiod  (the  use  of  special  reagents  for  each  element).  The  result  of  this  work  was  the  book :  Fractional  Analysis, 

Tananaev  was  responsible  for  new,  original  developments  in  analytical  chemistry:  the  method  of  grav¬ 
imetric  express  analysis;  the  spot  method;  fractional  analysis;  and  the  "nondestmctive"  method  (the  method  in 
which  selected  reagents  are  placed  on  the  material  to  be  analyzed,  the  latter  not  being  broken  up  or  dissolved 
in  order  to  analyze  it). 

Tananaev  was  the  founder  of  numerous  schools  for  analytical  chemists  in  Kiev  and  in  Sverdlovsk. 

Tananaev  loved  teaching.  He  payed  particular  attention  to  the  education  of  future  scientists  and  tried  to 
attract  a  large  number  of  students  to  work  in  the  scientific  students'  society.  The  results  of  his  teaching  activity 
are  reflected  in  several  textbooks.  He  published  more  than  240  papers  in  all.  The  books:  Spot  Analysis,  Non- 
Destructive  Analysis  and  Fractional  Analysis  have  been  translated  into  Czech,  Polish,  Rumanian,  and  Chinese. 

During  the  whole  of  his  long  life  Tananaev  actively  participated  in  the  social  life  of  the  country. 

For  his  successful  and  fruitful  scientific  and  teaching  work,  N.  A.  Tananaev  was  made  an  Honorary  Worker 
of  Science  and  Technics  of  the  RSFSR.  He  was  a  Stalin  Prize  winner,  and  was  also  awarded  orders  and  medals. 

Commission  on  Analytical  Chemistry 
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